Powering New York State’s Future Electricity
Delivery System: Grid Modernization
Introduction
The New York State Smart Grid Consortium, a not-for-profit public-private partnership to
promote broad statewide implementation of the smart grid, has contracted with the Electric Power Research Institute (EPRI) to engage the New York electric utilities and the New
York Independent System Operator (NYISO) to determine the following: key technologies
and capabilities needed for the foundation of a comprehensive grid modernization effort;
high priority R&D gaps that need to be filled to enhance the ability of New York State to
more effectively and reliably achieve grid modernization at reasonable cost and in timely
fashion; key challenges and opportunities that impact New York State grid modernization;
and activities already underway in New York State to support grid modernization.
To achieve this objective, EPRI organized a workshop with New York utilities and the
NYISO and conducted individual interviews. This paper summarizes EPRI’s research and
findings. The paper first describes the challenges and opportunities that impact New York
State grid modernization. The following section summarizes the goals of key grid modernization efforts now underway in the state. The paper then summarizes high priority
R&D gaps and ends with conclusions and recommendations for next steps. Appendix
A contains more information on smart grid activities underway in New York. Appendix
B then summarizes key technologies and capabilities needed for the foundation of a
comprehensive grid modernization effort.
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New York Grid Modernization Challenges and Objectives
Electricity service originated in New York when Thomas Edison provided electric lighting
to a few dozen customers in lower Manhattan in 1882. From this first generator and
several miles of wiring has grown an interconnected electricity grid that covers the entire
continent.
The electric grid that began in New York continues to be essential to the state’s economic
growth. In recognition of this, Governor Cuomo launched the Energy Highway Initiative
in 2012 1. The objectives of the Energy Highway are to provide more reliable, lower cost
power for New York’s homes and businesses, protect and create jobs, spur new investment in New York State, generate economic growth, and safeguard the environment.
In addition to providing more reliable and lower cost power,
New York’s electric grid faces several other challenges. On
October 29, 2012, Superstorm Sandy struck the Eastern
Seaboard, uprooting thousands of trees, toppling utility poles,
downing power lines, and causing widespread flooding. Roughly
8.6 million people lost electric power, with approximately
120,000 without power two weeks after landfall. In 2011, 7.4
million people lost electric power due to Hurricane Irene. With
extreme weather events occurring more frequently, New York’s
electric infrastructure needs to become more resilient to minimize extended outages in the future.
Environmental challenges have prompted a number of state energy policy initiatives. Key
policy targets include:

1.
2.
3.
4.

www.nyenergyhighway.com
www.rggi.org
www.dps.ny.gov
www.dps.ny.gov

■■

10% reduction in carbon dioxide emissions 2

■■

30% of electricity generated by clean, renewable resources by 2015 3

■■

15% reduction in energy consumption by 2015 4

To meet these goals, the grid needs to accommodate increasing amounts of power from
solar and wind. The variability and unpredictability of wind and solar resources complicates the challenge of maintaining reliable delivery of electricity to consumers. The grid
also needs to accommodate increasing amounts of distributed generation. The electric
distribution system has always been designed to move electricity in one direction—from
the generator to the consumer. Increasing amounts of distributed generation will force
the grid to become more bi-directional. In addition, many of these resources will be nonsynchronous to the grid, requiring conversion to alternating current (AC) power using
power electronics. These power electronics will interact with the grid in new ways that
must be understood and managed.
To reduce emissions, an increasing number of electric vehicles will be purchased and will
rely on the grid for “fueling.” These large electrical loads could strain some parts of the
distribution system.
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The state’s generation portfolio will change in response to a carbon-constrained future,
retirement of older plants, and low natural gas prices. As new generating stations replace
old ones, new transmission lines must be built to connect the new stations and move
the power to load centers. Siting new transmission lines is extremely difficult, and some
portions of New York’s grid are reaching its operational limits and need to be replaced or
upgraded. Many grid assets have been in operation for over 50 years and are reaching the
end of their useful lives.

5. “Distribution Green Circuits
Collaboration,” EPRI Technical
Report 1020740, March 2010

In response to these challenges, the grid needs to become more flexible to accommodate
new sources of clean and distributed power, while maintaining a high level of reliability
and minimizing costs. The grid must also become more efficient by reducing electricity
consumption through voltage management, reduced line losses, and conservation voltage
reduction. In the United States, electric power transmission and distribution systems
typically have aggregate annual energy losses ranging from 7% to 10% 5. Much of the
existing generation fleet today is maintained in order to serve a relatively small number
of peak hours. To maximize the use of stations and lines, electricity consumption needs
to be shifted away from peak periods of use. New York electricity consumers also need to
become more efficient users of electricity. Effective approaches are needed that promote
conservation and efficiency.
The challenge for New York is to not only create a more resilient, flexible and efficient grid
that spurs economic growth and promotes environmental responsibility, but to do so in
the most cost effective and timely manner possible. The following section and Appendix
A describe some of the grid modernization activities currently underway in the state.
New York utilities and NYISO are aggressively deploying new technologies where a clear
business case can be made. If there are questions about the business case or the performance of a new technology, the New York utilities and NYISO are conducting demonstrations to provide answers.
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The Goals of Grid Modernization for New York
Creating a more flexible, efficient, and resilient grid that meets the state’s grid modernization challenges described above requires deployment of new technologies that will
provide new or enhanced capabilities. Three key capabilities were identified:
■■

Enhance the situational awareness and control of the grid

■■

Improve the grid’s “self-healing” capability

■■

Provide more information and tools that help consumers better manage their electricity
usage

Some of the technology needed to provide these new or enhanced capabilities is available. However, many technologies have never been deployed on a large scale. Several
major initiatives underway at New York utilities and the NYISO are making the state’s electrical grid more flexible, efficient, and resilient. Just as Edison pioneered electricity service
in New York, New York’s utilities and NYISO are pioneering many of the innovations that
are modernizing the grid. The following sections describe some of the grid modernization
activities underway in New York.

Enhanced Grid Situational Awareness
Situational awareness is the ability to know what is happening on the grid and to anticipate future problems in order to take effective actions. Enhancing situational awareness
will help operators better anticipate and recover from severe storms, as well as integrate
larger amounts of distributed and renewable generation. There are two primary components to situational awareness: grid visibility and analytic tools that support decision
making.
Today, transmission and distribution operators “see” what is happening through sensors
located throughout the grid, by receiving phone calls from customers and by dispatching
field crews. Enhancing the visibility of the grid occurs by relying less on customer calls and
field crews and by installing additional and more precise sensors. New York’s electric utilities and the NYISO are deploying a variety of technologies that will significantly enhance
the visibility of the grid.
■■

4

Phasor Measurement Units (PMUs) are one type of new, high precision sensor. PMUs
measure current and voltage on the grid 30 times per second, which is much more
frequent than the sensors that are presently installed. The NYISO is leading a $74
million federally funded project to install 39 PMUs at strategic locations across the state.
The PMU network will be in place by June 2013. Eventually, the New York PMU network
will connect with PMU networks in New England, the mid-Atlantic, the Midwest, and
Ontario, Canada to create broader situational awareness throughout the eastern United
States and Canada. It is anticipated that the enhanced wide-area visibility that the
PMU networks provide will improve reliability by enabling grid operators to better see
threats and vulnerabilities in the region. The network may also increase the utilization
of existing lines and enable the integration of renewable generation.
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■■

■■

■■

As part of its $280 million, federally funded Smart Grid Deployment project, the
Consolidated Edison Company of New York (Con Ed) is equipping its 26,000 network
transformers with remote-monitoring sensors that provide operators with a near
real-time readout of loading, temperature, pressure, and oil level. If any parameter
exceeds operating limits, crews can be dispatched quickly to check the transformer,
correct any problems, or even remove the unit from service if necessary. An operator
can also remotely switch out the transformer. It is expected that this remote-monitoring
capability will improve system reliability and asset management.
Orange and Rockland (O&R) is adopting a “model-centric” approach to modernizing
its distribution system. O&R has developed a detailed model of its distribution
system, termed an integrated system model or ISM, which includes 365,000 assets
(wire, transformer, switches, reclosers, cut outs, etc.). This model is connected to the
Supervisory Control and Data Acquisition (SCADA) system, where it receives input
from breakers and distribution automation devices in real time to refine the model
and improve situational awareness on a much more granular level. The linking of the
system model with SCADA creates an enhanced real-time “virtual SCADA” system. O&R
is working with Brookhaven National Lab and Central Hudson Gas and Electric to create
a unified model of the transmission and distribution system. This could ultimately
expand O&R’s concept of a modernized distribution system to a modernized electric
delivery system. The virtual SCADA system not only provides greater visualization of the
distribution system, but it also provides an analytical platform for operational planning
purposes.
The Long Island Power Authority (LIPA) and Con Ed have initiated pilot projects to install
advanced meters. LIPA is currently installing advanced meters at 2,500 residential and
commercial customer sites as part of its $12,496,047 federally funded Smart Energy
Corridor project. The advanced meters will feature two-way communication so that
operators will know which customers have service in real time.

Courtesy of NYISO
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Courtesy of Con Edison

In addition to enhanced visibility, transmission and distribution operators need the tools
to interpret data, anticipate events, and recommend the most effective actions to implement. New York’s utilities and the NYISO have initiated several significant activities to
implement analytic tools for decision support.
■■

■■

■■

■■

The NYISO is pioneering the use of PMU data in real-time by feeding the data directly
into their new Energy Management System (EMS). The new EMS is part of the $35.5
million control center that the NYISO is constructing in Rensselaer County. The NYISO
plans to develop and install advanced visualization displays and analytical tools to
enable operators to interpret and use PMU data. This will provide operators with
greater visibility of power flows and voltages in real time.
O&R is using its Integrated System Model to develop a storm outage prediction system.
Prior to and when a storm first impacts a region, the O&R system will collect data
from a number of sources and forecast the total number of impacted customers. This
forecast is valuable for mobilizing resources for storm recovery and is expected to result
in quicker, more efficient recovery.
National Grid is deploying a new Energy Management and Distribution Management
System that will open the door to new technology and monitoring millions of points on
the transmission and distribution system.
LIPA is installing a new Energy Management System and an Outage Management/
Distribution Management System that will improve its ability to get detailed information
from the field.

Enhanced Grid Control
Equipment on the grid is often controlled manually. This requires the grid operator to
contact a generating station or substation or dispatch a field crew to actuate a switch or
adjust a setting. In a modern grid, advanced controls and automated response strategies
are expected to increase system performance and efficiency. New York’s utilities and the
NYISO have initiated several projects that will enhance the control of the grid.
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■■

■■

■■

Courtesy of Central Hudson Gas & Electric
and New York Power Authority

The NYISO and New York Transmission Owners are installing advanced
capacitors that will provide 8000 MVARs of reactive power. The capacitor
banks are expected to improve the efficiency of the state’s bulk transmission
system by reducing the amount of electricity that is lost when carried over long
distances, thus reducing electricity costs in New York State by an anticipated $9
million per year.
Similarly, O&R is using its Integrated System Model with a coordinated Voltage
and Var real time control system to improve the efficiency of the distribution
system. The system processes data gathered from many sources, including
geographic information systems, weather services, outage management
systems, and EMSs. After evaluating distribution system conditions, the system
dispatches control signals that automatically manage voltage levels by turning
capacitor banks on or off, and by automatically adjusting other voltage control
devices, such as regulators and transformer load tap changers. In the optimum
efficiency mode, the controls are aimed at reducing line losses, minimizing
voltage levels for conservation voltage reductions, and improving power
factor to lower needs for reactive power. In maximum capacity mode, which
is operated during peak load conditions, the control signals adjust voltage and
VAR levels to enable the system to serve higher levels of demand.
Con Ed is installing 100 underground “smart” switches on distribution feeders
and over 500 overhead sectionalizing switches on distribution feeders across
the service territory. These switches will allow Con Ed to quickly isolate a fault
and reduce the number of customers impacted by an outage. In Flushing,
Queens, Con Ed is implementing a unique state-of-the-art design that will give
operators the ability to isolate a large underground network into sub networks
using smart underground switches—minimizing the risk of a widespread outage.

Self-Healing Grid
A self-healing grid is capable of automatically detecting, isolating, and responding
to power system disturbances, which is expected to improve reliability and resiliency.
■■
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O&R is demonstrating self-healing using its Integrated System Model with
an auto-restoration control system. This system, through monitoring and
dispatch, fully automates restoration operations. Line reclosers equipped
with communications packages that are tied into SCADA systems clear faults
automatically and report status and other system parameters in real time. Using
this real-time data, the auto restoration system determines the location of the
fault and opens SCADA-operable switches to isolate the fault to segments of
250 customers or less. The auto restoration system then closes the appropriate
switching devices, rerouting power automatically in seconds in the event
of a disturbance or outage on the system. This resolves the complexity of
handling the coordination of a large number of SCADA-operable devices for any
conceivable set of contingencies. The central intelligence of the virtual SCADA
system performs a “faster than real-time” system analysis that coordinates and
executes the restoration plan.
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Enabling Consumers to Better Manage Their
Usage
Historically, power outages along with the monthly
utility bill have been the primary interaction between
utilities and their customers. Many utilities, notably
those in California and Texas, have been aggressively
deploying two-way communicating smart meters to all
of their customers. Using smart meters, utilities can
obtain customer usage information more frequently
than once a month—daily or even hourly. Several
utilities are making this information available to their
customers through their websites.
Many utilities, regulators, and government agencies believe that providing more detailed
usage information will help consumers conserve energy and save money. They also envision the smart meters communicating with smart devices and appliances to provide even
more information and control for consumers. Smart or advanced metering infrastructure
is expensive, and there is debate within the industry about how many consumers actually
want the enhanced usage data that smart meters provide and about the effectiveness of
smart meters at conserving energy.
The debate about smart meters has highlighted uncertainties in understanding customer
behavior. Fundamental research is needed to better understand the effects of rate structure, usage information, and control technology on consumer usage behavior. New York’s
utilities are conducting trials to better understand the effects of information and technology on consumer energy usage.
■■

■■

■■
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As part of the Smart Corridor Project, LIPA is installing 2,500 smart meters to better
understand how technology can change customer behavior. The utility will provide
some customers an in-home display that shows their usage in real time and will provide
other customers access to their usage information through a web portal. Participating
customers will be given a two-tier time-of-use rate.
Also part of the LIPA Smart Corridor Project is the creation of a “smart house” and
“smart building” at the State University of New York (SUNY) at Farmingdale. The
home and building will provide a demonstration site for advanced technologies such
as advanced thermostats, in-home displays, communications technologies, smart
appliances, etc. The smart home and building will be completed by early 2013. The
University is also developing a curriculum to train students and field personnel on the
technologies.
As part of two demonstration projects that are partially funded by the U.S. Department
of Energy (DOE) and have a total project cost of $110 million, Con Ed is demonstrating
interoperability with several customer-sited technologies including distributed battery
storage, ice storage, photovoltaics, building management systems, and electric vehicle
charging equipment. Con Ed is designing a platform that demonstrates the capability
of near real time targeted demand response. This is done by interfacing the Control
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Center Systems with Third Party Network Operations Centers. These Third Party
Network Operations Centers have the ability to manage certain customer equipment,
allowing for things such as load shedding through customer sited controllers that
integrate with building management systems or starting customer sited distributed
generation to relieve localized system needs. The development of this system requires
the interoperability of many Smart Grid and legacy information systems. With the
visualization platform being developed, Con Ed’s Distribution Control Center operator
will be able to see the status of the customer curtailment activities from the Distribution
Control Center console and the aggregated amount of curtailable load available in a
specific distribution network in the next 15 minutes, 2 hours, 12 hours, etc. The demand
response capability studied in this demonstration project could improve the reliability
and resiliency of the grid, as well as enable the integration of distributed and renewable
generation.
■■

Con Ed has launched a window air conditioner (A/C) energy savings program called
“CoolNYC.” Con Ed and ThinkEco plan to create smart A/C control through modlets on
10,000 New York City air conditioners in 2012, resulting in five megawatts of demand
reduction. Con Edison plans to distribute the modlets in large apartment buildings
throughout New York City, working with building owners and tenants to install the
devices. The modlet is a plug-in smart outlet that can be controlled by a smart A/C
thermostat and a user’s online modlet account, allowing customers to control the
temperature setting of any window air conditioner. Customers can remotely turn
on and off their A/C from any smart phone or browser, and set the temperature. In
addition, users can preset schedules through any web browser, so that their window
air conditioners only turn on when needed, transforming the stand-alone window air
conditioner into a smart, networked device that gives users enhanced convenience and
control. Customers who participate in the program will also be alerted when a peak
usage event is called, and Con Ed will adjust the unit’s temperature. Con Ed estimates
that there are over six million window air conditioner units in its service area, which
represents approximately 7,000 MW of load.

Grid Modernization Research and Development Priorities
Although a substantial amount of technology is being deployed and demonstrated in New
York, research and development is still needed to modernize the state’s electric grid. The
following are the research and development priorities identified through interviews with
Con Ed, Orange and Rockland, Central Hudson and Gas, NYPA, LIPA, and the NYISO.
■■

■■
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Cost and Benefit Analysis Methodology – Consistent effective approach for determining
the costs and benefits of new technologies and applications. Currently, each organization
has its own approach for assessing costs and benefits. Implementing a consistent
approach would facilitate comparison of studies that various companies conduct.
Analytic Tools – Effective analytical tools that convert the tremendous amounts of data
that the modernized grid produces into actionable information. The vast amount of
data that smart grid devices generate provides the opportunity to more reliably manage
the grid and associated operations. Data management in smart grid environments
requires rapid retrieval and analysis to transform data into information to make effective
decisions. Proper analysis of time-series-based data must be linked to a real-time
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power system model for the most effective analysis. This is a significant challenge.
For example, synchrophasor data without an associated time-based power system
model does not allow accurate data interpretation. Converting data into actionable
information requires a higher order analysis and visualizations such as data fusion, data
mining, pattern recognition, and neural networks to improve business analytics.
■■

■■

■■

■■
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Sensors – Development and demonstration of cost-effective sensor technology. Sensors
are a fundamental part of the modern grid. Sensors can expand online monitoring and
control capabilities and improve operations and maintenance practices, with potentially
huge economic benefits. Real-time data on component status helps identify developing
problems and support condition-based maintenance to prevent failures and avoid
outages.
Energy Storage – Need to conduct demonstrations of storage technologies and develop
analytic tools for sizing, placing, and operating storage systems. Energy storage can be
used in conjunction with other tools to reduce costs, increase reliability, and improve
the performance of transmission and distribution systems. To accomplish this, utilities
need access to cost-effective grid storage products that have a track record of safety
and reliability, as well as well-understood performance. Utilities need analysis tools and,
where applicable, an understanding of market structures that enable the use of storage
to effectively maintain the reliability of the grid.
Modeling – Development of accurate models for customer loads, renewable generation,
and the distribution system are also needed. Existing distribution models and planning
tools do not allow distribution planners to account for implementation of modern
grid technologies and applications such as Distributed Energy Resources (DER) and
lack necessary accurate system asset information to perform real-time model-based
management. Implementation of modern grid technologies for advanced applications
and growing penetration of DER is expected to significantly alter the nature of the
distribution system. However, traditional distribution models and planning methods
cannot capture the relevant control, temporal, and spatial characteristics associated
with such implementations. New data, models, and analyses are needed that permit
distribution planners to assess the real-time impacts and potential benefits of all
technologies that affect the grid.
Consumer Behavior – Utilities need to better understand the effect of rates,
information, and control technologies on consumer usage decisions. A new paradigm of
consumerism is coming to electricity markets quickly. The character of this movement
is distinguished from how utilities traditionally served customers, as important but
captive price takers. Going forward, the relationship can be summarized as the reverse:
customer choice and control will drive utility customer interactions. New technologies
are being added to the grid to enable greater consumer participation in how they
manage their electricity usage. These technologies provide an opportunity for utilities
to actively engage consumers in electricity usage decisions. Fundamental research is
needed to devolve utility usage behavior to reveal the separate effects of rate structure,
information provision (feedback), and control technology. Moreover, the impact of
these influences must be distinguished among customer segments, and indicate how
behaviors change over time.
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■■

■■

Interoperability – Utilities also called for mature standards and architectures that
provide interoperability between modern grid devices and systems. Some utilities
have cited the lack of mature, uniform standards to enable interoperability among
systems for efficient end-to-end electric power system interactions as a reason for not
moving forward with smart grid applications. Investments in proprietary systems risk
long-term vendor lock-in and costly fork-lift upgrades. Use of standards to integrate
complex systems and components dramatically reduces both implementation and
operational costs. A small number of mature standards are needed that fit seamlessly
with one another, that are embraced by all stakeholders, and that enable systems to
interoperate. Commercial services, such as certification and interoperability testing and
implementation support and training, will be available in a competitive market, with
multiple vendors innovating based on the standards.
Cyber Security – Cyber/physical security and data privacy continue to be critical
priorities for electric utilities. Electric utilities are increasingly dependent on information
technology and telecommunications infrastructures to ensure the reliability and security
of the electric grid. Cyber security measures must be designed and implemented to
protect the electrical grid from attacks as well as to strengthen its resilience against
natural disasters. Research is needed to develop security requirements and create new
security technologies.

Grid Modernization Projects to Track Outside of New York
Although there is a great deal of grid modernization work being done within New York
State, there is also excellent work being done elsewhere that New York companies can
learn from. The following is a short list of projects being done outside of the state that
have particular relevance to New York companies.
Smart Meter Deployments in California and Texas
While the utilities in New York are currently evaluating smart meters, the utilities in California and Texas are aggressively deploying them. The California investor owned utilities
(Pacific Gas and Electric, Southern California Edison, and San Diego Gas and Electric) have
deployed smart meters to over 90% of their customers and will install over 10 million
smart meters when finished. The utilities in Texas have installed nearly 6 million smart
meters, or 87 percent of their goal, since the state passed authorizing legislation in 2005.
Valuable lessons on how to communicate with customers about smart meter installations have already come from these deployments. There will be much to learn from these
deployments going forward, including:
■■

How to manage the tremendous amount of data produced by the smart meters

■■

How to maintain security of the AMI systems and privacy of AMI data

■■

What the realized benefits are from the smart meters

■■

What the actual costs are of the smart meter deployments

■■
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How to integrate the AMI data with other enterprise systems such as outage
management systems and distribution management system
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Courtesy of Verizon

Demonstration Projects on Consumer Behavior
Fundamental research is needed to better understand the effects of rate structure,
usage information, and control technology on consumer usage behavior. Three utilities—
Commonwealth Edison, Kansas City Power, and Light and ESB Networks (Ireland)—have
conducted customer behavior trials as part of EPRI’s Smart Grid Demonstration Initiative.
Some key lessons learned from these trials are:
■■

■■

■■

ESB found that the deployment of time of use rates and energy information services
were found to reduce overall electricity usage by 2.5% and peak usage by 8%
Com Ed found that peak price and peak time rebate customers provided the largest
demand reduction (up to 20%) while technology treatments added no measurable
improvement
Kansas City and Light found that opting-in to receive a free device or information service
does not, in itself, translate into customer engagement and actual use of informationdelivery technologies

These three trials are described in the “EPRI Smart Grid Demonstration Initiative 4 Year
Update” (report number 1025781) and can be downloaded at: http://my.epri.com/portal/
server.pt?Abstract_id=000000000001025781
National Grid’s Worcester Pilot
This pilot was co-designed with customers and stakeholders. It includes advanced technology on the grid as well as smart meters and home automation. The key difference
with this pilot is the “Listen, Test and Learn” approach generated from the Green2Growth
summit. National Grid is building a sustainability hub and embedding themselves in the
community so they can continue to listen to customer needs as they evolve.
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Conclusions and Recommendations
This paper has described the challenges and opportunities that impact New York State
grid modernization, summarizes many of the grid modernization activities currently
underway in the state, and lists some of the high priority research and development
areas.
The New York utilities and the NYISO have substantial projects underway to deploy new
technology with the aim of making the grid more flexible, efficient, and resilient. Where
there is a clear value to consumers, the companies are aggressively deploying new equipment that will enable new or enhanced capabilities. Where there is uncertainty about the
value or the performance of the technology, the companies are conducting pilots or trials
designed to provide clarity.
Based on the research conducted for this paper, some key recommendations going
forward include:
■■

■■

■■
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To leverage the significant investment being made by the New York utilities and the
NYISO, the companies should look for opportunities to share experiences and lessons
learned from grid modernization projects. Workshops could be organized to facilitate
the sharing of experiences and expertise on topics such as:
●●

Situational awareness

●●

Smart meter trials

●●

Automated fault detection, location, isolation, and recovery

●●

Integration of distributed generation

●●

Storage technologies

●●

Demand response automation, measurement, and verification

●●

Consumer behavior trials

Several grid modernization research and development priorities have been identified
in this paper. New York has tremendous resources for addressing grid modernization
research and development including having innovative utilities and the NYISO, the
State of New York University system, private universities, Brookhaven National Lab, and
the New York State Energy Research and Development Authority (NYSERDA). These
organizations should collaborate to address the priority research and development
challenges listed in this paper.
Facilitate educational and collaborative workshops in specific technology areas based
on Consortium member input. Key leaders and experts from the NYISO, New York Public
Service Commission, and NYSERDA can be fully engaged in design, participation, and
implementation of these workshops.
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APPENDIX A
More Information on Major Grid Modernization Activities in New York
This section describes key activities now underway in New York State that are relevant to
grid modernization. This is not intended to be an exhaustive list, but to summarize major
illustrative programs.

Con Edison Modernized Distribution System Deployment
In this distribution system project, Con Edison is deploying smart grid components
and systems to improve distribution system operations and planning. The goals of the
project are to improve distribution system reliability, power quality, and efficiency. Other
goals include deferral of investments in distribution capacity and reduction in O&M
costs. Deployed equipment includes distribution automation devices such as automatic
switches, capacitor automation devices, and feeder and substation monitors. The project
scope includes roughly 700 out of 2,500 circuits.
Con Edison will also integrate supervisory control and data acquisition (SCADA) and
distribution automation systems. The enhancements are expected to improve distribution system control and reliability. The total budget for this project is more than $272
million, including a federal share of more than $136 million. The project is a Smart Grid
Investment Grant as part of the 2009 American Recovery and Reinvestment Act (ARRA).
A key partner is Orange and Rockland Utilities, Inc. For more information, refer to http://
www.smartgrid.gov/project/consolidated_edison_company_new_york_inc_smart_grid_
deployment_project.
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Con Edison Secure Interoperable Open Smart Grid Demonstration
Project
This project will demonstrate interoperability of legacy and new Smart Grid Systems.
Con Edison has teamed with several vendors and subawardees to design a platform that
demonstrates the capability of near real time targeted demand response. This is done
by interfacing Con Edison’s Control Center systems with Third Party Network Operations Centers. These Third Party Network Operations Centers have the ability to manage
certain customer equipment, allowing for things such as load shedding through building
management systems or starting customer sited distributed generation to relieve localized system needs. This project will demonstrate integration of building management
systems, distributed storage, photovoltaics, and electric vehicle charging.
On the utility side, the project will demonstrate new dashboard technology for control
center operators, which will enable the demonstration of targeted demand response
and integration of smart grid resources in a manner which could enable Con Edison to
decrease O&M costs and increase customer engagement. This project is being conducted
in New York City and its New York and New Jersey suburbs. A very high density service
territory, this area includes critical customers such as the Federal Reserve, Wall Street,
major communications hubs, and major medical facilities. The project will serve as a blueprint for high density, urban, underground networks.
The total budget for this project is more than $92 million, including a federal share of
more than $45 million. The project is a Smart Grid Demonstration Program as part of
the 2009 American Recovery and Reinvestment Act (ARRA). A key partner is Orange and
Rockland Utilities, Inc. For more information, refer to http://www.smartgrid.gov/project/
consolidated_edison_company_new_york_inc_secure_interoperable_open_smart_grid_
demonstration.

Con Edison CoolNYC Program
This project involves working with building owners and tenants in large apartment buildings throughout New York City to install smart air conditioning controls. The goal of the
program is to help residential customers use less energy for air conditioning and provide
Con Edison a resource to help maintain high reliability during peak load periods. Con
Edison plans to install controls through “modlets” on 10,000 air conditioners. This will
result in a 5-MW demand reduction, which is enough to power 5,000 homes.
Partnering with ThinkEco, Con Edison is installing the modlets in the summer of 2012 on
window air conditioning units; there are over six million air conditioning units of this type
in New York City, and some of them run unnecessarily when residents are not at home.
The modlet is a plug-in smart outlet that a smart air conditioning thermostat can control.
Customers will be able to remotely turn on or off their air conditioning, set its temperature, and set the schedule, from a smart phone or browser. When needed during peak
load periods, Con Edison will alert these customers and adjust the unit’s temperature to
reduce usage. For more information, refer to http://www.coned.com/newsroom/news/
pr20120426.asp.
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Orange and Rockland Smart Grid Deployment Project
Orange and Rockland Utilities (O&R), a subsidiary of Con Edison, is currently involved in
three smart grid-related projects. One project is funded by the New York State Energy
Research and Development Authority (NYSERDA), which is creating the prototype for
O&R’s smart grid concept. For the second and third projects, O&R—as a sub-awardee to
Con Edison’s ARRA Smart Grid Infrastructure Grant and their Smart Grid Demonstration
Grant both described above—is using this funding to expand the prototype into a system
of circuits and demonstrate an auto-restoration control system and a coordinated voltage
and var control system. The objective of O&R’s projects is to create an easily expandable
prototype of a modernized distribution system that will:
■■

Reduce the frequency and duration of outages

■■

Defer capital expenditures

■■

Provide operational savings

■■

Decrease electricity costs to customers

■■

Reduce electricity consumption and environmental emissions through voltage
management, reduced line losses, and conservation voltage reduction

O&R is piloting their modernized distribution system on two circuits in New York State
and five circuits in New Jersey. O&R has been installing Intelligent Electric Devices (IEDs),
such as switched capacitor banks, automated switches, and reclosers for several years. A
significant number of additional IEDs are being installed on circuits involved in the pilot
projects. For more information on the NYSERDA project, refer to http://www.smartgrid.
gov/case_study/news/%E2%80%9Cmodel_centric%E2%80%9D_approach_smarter_electric_distribution_systems_0.

LIPA 110 Corridor Demonstration Project
Partnering with two branches of the State University of New York (Stony Brook University
and Farmingdale State College), LIPA is creating a Smart Energy Corridor along the Route
110 business corridor on Long Island in New York. As part of the project, most of 2,000
smart meters have been installed in homes and businesses in the towns of Babylon and
Huntington. Using these meters, LIPA plans to evaluate the impact of various variables
on customer behavior using various time-of-use rate structures. Some customers will be
involved in direct load control programs on HVAC equipment and pool pumps. LIPA will
also demonstrate various distribution automation techniques.
Stony Brook University will conduct research on various smart grid related topics, offer
courses in smart grid technology, and conduct various business outreach programs to
encourage development and commercialization of smart grid technologies in the area.
Farmingdale State College will demonstrate load control, energy management, and
renewable generation on a portion of the campus. Farmingdale will also create full-scale
operating models of smart grid technologies to increase public awareness in the area, and
will offer training courses for clean energy jobs. In total, the project will involve a 50-MW
photovoltaic program.
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This project builds on successful deployment of 300 smart meters in 2009 in the towns of
Hauppauge and Bethpage. For more information, refer to http://www.lipower.org/newscenter/pr/2012/041112-smartgrid.html.

Phasor Measurement Unit Network for New York
The NYISO is leading a $74 million federally funded project to install capacitor banks and
phasor measurement units (PMUs) on the bulk transmission system throughout the state.
PMUs provide near instantaneous measurement and observation of bulk power system
voltage and current phase angles and magnitudes. New York was an early pioneer in the
implementation of PMUs.
In close coordination with the NYISO, the New York transmission owners are deploying
39 PMUs at strategic locations across the system. In place by June 2013, this network
of PMUs is expected to provide a much more accurate determination of the state and
vulnerabilities of the region. Historically, the synchrophasor data produced by the PMUs
has been used to study events after they have occurred. The NYISO project is pioneering
the use of synchrophasor data in real-time by feeding the data directly into their new
Energy Management System. Eventually, the NYISO’s PMU network will connect with
PMU networks in New England, the mid-Atlantic, the Midwest and Ontario, Canada, to
create broader situational awareness throughout the eastern United States and Canada.
The lessons learned from New York’s implementation of standards-based communications protocols and data formats will be valuable to other ISOs and transmission owners
as the PMU network across the eastern interconnection is created. The NYISO and New
York transmission owners are also installing advanced capacitors that will provide 8000
MVARs of reactive power. The capacitor banks are expected to improve the efficiency
of the state’s bulk transmission system by reducing the amount of electricity that is lost
when carried over long distances on the bulk transmission system, thus reducing electricity costs in New York State approximately $9 million per year. Key partners in this
effort are the New York Power Authority (NYPA), National Grid, New York State Electric
and Gas, O&R, Con Edison, Rochester Gas & Electric, and Central Hudson. For more information, refer to https://www.smartgrid.gov/project/new_york_independent_system_
operator_inc_new_york_capacitorphasor_measurement_project.

National Grid Worcester Pilot
This pilot was co-designed with customers and stakeholders. It includes advanced technology on the grid as well as smart meters and home automation. The key difference
with this pilot is the “Listen, Test and Learn” approach generated from the Green2Growth
summit. National Grid is building a sustainability hub and embedding themselves in
the community so they can continue to listen to customer needs as they evolve. The
$44 million, two-year pilot in the northwest part of Worcester, Massachusetts will test
the ability of new technologies to reduce customer outages, save customers money by
improving the operational efficiency of the grid, and integrate renewable energy and
electric vehicles into the grid. The pilot will affect 11 feeders, 5 substations and roughly
15,000 customers. It will test smart meters, fault detection, dynamic rates, volt/VAR optimization, electric vehicle charging, and energy storage.
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Customers involved in the pilot will be able choose their level of involvement and,
according to what options they select, can receive information about their energy use
from various sources such as online applications, including cell phone and smart phone
apps. National Grid is also testing an in-home display that is integrated with a digital
picture frame.
National Grid will test the impact of new pricing structures that reflect the changing costs
of electricity, including a critical peak pricing program, a peak time rebate program, and
an hourly pricing program. Through the Pilot, customers will be able to either shift their
usage of electricity to lower cost periods or use less electricity overall, thereby saving
money and providing environmental benefits. For more information on the pilot, refer to
http://www.nationalgridus.com/energy/index.asp.

Evaluation of Instrumentation and Dynamic Thermal Ratings for
Overhead Lines
Funded in part from a U.S. Department of Energy ARRA grant, NYPA, and EPRI will
demonstrate the effects that Dynamic Thermal Circuit Ratings (DTCR) technology can
have on areas of the New York State transmission system where there is abundant
wind generation potential, including Massena (St. Lawrence County) and Chateaugay
(Franklin County). The goal is to increase the capacity of existing lines by using actual
weather information and conductor temperature instead of using engineering estimates.
This project could result in a 5% to 15% increase in transmission line capacity to allow
for more wind power, defer millions of dollars in capital expenditures on transmission
projects, and enable improved situational awareness for grid operators. The total budget
for this project is $1.44 million, including a federal share of $720,000. Key partners are
the NYISO, NYSERDA, and EPRI. For more information, refer to http://www.nypa.gov/
transmission/smartgrid.html and https://www.smartgrid.gov/project/new_york_power_
authority_evaluation_instrumentation_and_dynamic_thermal_ratings_overhead_lin.

New NYISO Control Center
The NYISO is building a new primary control center adjacent to its Krey Boulevard headquarters in Rensselaer County, near Albany. The $35.5 million control center will replace
the existing 42-year old Carman Road facility. The latter facility will be upgraded and act
as a backup control center. The 64,000 square foot new control center will use the latest
control technologies and state-of-the-art visual displays designed to improve the NYISO’s
ability to receive, process, and monitor changing conditions throughout the region. The
control center is expected to help New York State achieve a number of key energy goals,
including:
■■

■■

■■

18

Enabling the increased integration of renewable energy supplies
Maintaining a high level of reliability despite the growing complexity of modern electric
grid operations by integrating and processing significantly higher amounts of data
Effectively implementing the broader regional markets initiative that will provide New
York with approximately $190 million in annual savings
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Construction of the new control center is expected to be completed in 2014. For
more information, refer to http://www.nyiso.com/public/webdocs/newsroom/
press_releases/2011/NYISO_Smart_Grid_Project_and_Control_Center_Groundbreaking_08082011.pdf.

Advanced Compressed Air Energy Storage Plant
The New York State Electric & Gas Corporation (NYSEG) received an ARRA award of
$29,561,142 to demonstrate an advanced 150-MW Compressed Air Energy Storage
(CAES) facility that utilizes an underground salt cavern to store compressed air. This
demonstration site at Watkins Glen in Schuyler County, combined with an innovative
smart grid control system, is anticipated to improve grid reliability and provide a resource
to accept wind generated power without timing constraints. NYSERDA supported the
project initially with a $200,000 feasibility study and then a $1 million contribution for the
demonstration project. For more information, refer to http://www.nyseg.com/OurCompany/News/2010/113010caes113010.html and https://www.nyseg.com/OurCompany/
News/2011/040511caes.html.
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APPENDIX B

Courtesy of NYPA

Grid Modernization Technologies
The key technologies and capabilities described in this section represent the foundation
for comprehensive grid modernization.

Communications
A variety of communications technologies—premises area networks, neighborhood area
networks, and wide area networks—will be deployed to enhance grid operational performance and efficiency and to provide information and control to consumers. Communications networks would typically be characterized as “single purpose,” while the interfacing
of data and systems would be handled on an individual basis. In the mid- to long-term,
communications networks will begin to converge on a larger scale and become unified.

Wide-Area Monitoring and Visualization
Situational awareness means understanding the current environment and being able to
accurately anticipate future problems to respond effectively. In the future, more complex
grid environment, operators not only need to know how close they are to the edge with
greater precision than ever before, but also how quickly they are moving in any particular
direction.
In a modernized grid, integrated advanced sensors and robust communications provide
greater visibility into the power system state. New York has already deployed synchrophasor technology to enhance power system visibility over the past decade. The state’s
grid operators will increase its use of synchrophasor data for both on-line and off-line
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applications. Numerous applications use Phasor Measurement Unit (PMU) data. Oscillation monitoring, event location, and extra high voltage state are three primary examples.
Power system oscillations cause equipment damage, reduced stability margins, and other
operating problems. Event location expedites outage restoration by quickly identifying
probable outages.

Decision Support Tools
In a modernized grid, decision support tools manage and organize large data flows from
grid and equipment sensors to automate processes such as system restoration and
reactive power management in real time. Decision support tools identify exceptions
in large data flows to monitor performance and compliance, as well as to manage risk
and resource adequacy. The following decision support capabilities are enabled in the
modernized grid:
■■

■■

■■

■■

■■

■■

■■

Better control center tools and techniques improve the operator’s situational awareness
and decision making
Simulation and modeling are used frequently to perform off-line studies and real-time
contingency analyses
Grid planners and operators have the ability to seamlessly transfer real-time Energy
Management System (EMS) data to off-line simulation study tools for studies and to
transfer results back to an EMS environment for display
Fast simulation techniques facilitate prompt real-time contingency analysis
Automated processes validate component simulation models by comparing routinely
available field data with simulation results
Operators restore systems following major blackouts using tools to identify an optimal
system restoration path from the multiple paths available during restoration
Automated tools replicate system events using power flow and system dynamics
simulation programs (the tools include interfaces to read real-time data across wide
areas to facilitate timely event investigation for root causes, solutions, and what-if
scenarios)

Grid Control Technologies
In the modern grid, operators use system wide dynamic control for voltage and voltampere reactive (VAR) management. Advanced controls and automated response strategies allow them to manage an environment with evolving generation resources. The
ability to harness storage capacity provides important shock-absorber capability, complements variable generation and provides better tools for more efficient grid operation.
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Energy Storage
Modern grids will typically employ greater amounts of energy storage located on the
transmission and distribution system and at the customer site. Energy storage technologies include:
■■

Compressed air energy storage

■■

Lead-acid batteries

■■

Advanced lead-acid batteries

■■

Sodium-sulfur batteries

■■

Zinc-bromine batteries

■■

Vanadium redox batteries

■■

Lithium-ion batteries

■■

Flywheels

■■

Air conditioning thermal storage

Distribution Line and System Management
Distribution line management refers to the smart grid’s ability to monitor, manage, and
control the distribution lines for specific applications. Automated switching in distribution
systems has the promise of not only enabling the operator to change the topology of the
network, but also reducing demand on field crews. Distribution line and system management will require area-wide solutions and visualization with centralized modeling. This
area will give way to true reactive, software-driven intelligence with central or distributed
control.

Grid Efficiency and Voltage Reduction
The scope of this area is to improve the power factor of the power flow, and in the
process, reduce line losses, increase the utilization factor for the grid assets, and reduce
the peak loading of assets. Moreover, such improvements will also enhance efficient
operation of customer loads by reducing customer consumption, thus contributing to
overall peak demand reduction. The implementation of grid efficiency, voltage reduction, and voltage regulation approaches and solutions will require more monitoring and
data collection from the grid in order to increase the knowledge and understanding of its
current operating state. In order to transform the data generated into actionable information that can be directly used by operators, data management and processing systems, as
well as optimization algorithms, are needed.
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Asset Management and Performance Optimization
A modern grid will enhance the value derived from grid assets through asset condition
monitoring, leading to condition-based maintenance. Asset condition monitoring will be
enabled by the installation and use of various cost effective sensor technologies in order
to collect data relevant to the state of assets through an adaptive communication infrastructure. The new generation of embedded and automated field devices, such as smart
transformers and communicating fault indicators among others, will integrate the monitoring and data collection capability. Advanced data analytics functions such as tracking
and monitoring algorithms, expert systems, predictive analysis, and enhanced visualization tools will enable transformation of field data into useful information to be used in
asset management and performance optimization processes.

Bulk Renewable Integration
The vision of integrating bulk renewable generation into the utility transmission and
distribution grid supports public policies to reduce greenhouse gases and detrimental
environmental impacts due to contributions from conventional generation resources.
Numerous issues need to be resolved to integrate bulk renewable generation into the
existing utility transmission and distribution systems, such as managing intermittent
generation ramp rates, avoiding congestion, and maintaining adequate system protection.
Additional transmission infrastructure will be required to move the power from areas
where renewable resources are concentrated to load centers. Also, transmission systems
must reduce the overall variability by aggregating and averaging local variable generation
over large geographic areas. System planning must expand beyond traditional service
territories to work regionally and inter-regionally.
Capacity planning will need to cover not only maximum load scenarios, but also low
and shoulder-load scenarios that may present higher reliability risks than in the past. It
will also be necessary to increase the flexibility of the power system to respond to more
variability and uncertainty. The potential exists for this flexibility to originate from both
conventional generation and new sources such as controlled smart charging of electric
vehicles, energy storage, and additional system coordination.

Distributed Energy Resource Integration
The term Distributed Energy Resources (DER) generally describes the use and operational
attributes of a technology rather than a specific technology type. DER includes resources
located close to the load they serve, and therefore typically sized to match the load(s)
with which they are paired. DER includes distribution-side generation, energy storage,
and demand response technologies. DER technologies tend to supplement, rather than
replace, the primary generation resources employed by utilities.
Widespread DER deployment requires significant advances in grid design and resource
integration technology, including intelligent and programmable inverter (power conversion) systems and more adaptive protection and control systems. Today’s electric grid
was not designed with current DER technologies and Renewable Portfolio Standard policy
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goals in mind. Many of the renewable DER generation technologies will be variable or
intermittent in nature. Depending on their capacity (size), operational characteristics, and
the nature of the electric system to which they are connected, these resources need to
be paired with energy storage and control technologies. This will improve control, accommodate fluctuation in output levels, and address some fundamental changes in utility grid
operations such as bidirectional power flow on radial distribution systems. Distributed
renewable resources need to ensure effective management of feeder voltage maintenance and reverse power management.

Demand Response
Demand response involves the active management of consumer loads on a daily basis
to balance electricity supply and demand. Demand response can minimize the need to
build costly new generation and delivery infrastructure. Demand response will likely
occur through direct load control, real-time price signals, and event-based programs. The
various demand response programs will tend to be optimized for operational value and
targeted at specific customer segments that are most able to respond. Communications
and load management technologies will be available to help maximize demand response
convenience and cost-effectiveness.

Consumer Energy Management Tools
A modern grid will provide consumers with better information, choices, and control of
their electricity service in the following ways:
■■

■■

■■

Value-added web tools will help customers understand their energy usage on a dayafter and historical basis (e.g., trend analysis, benchmarking)
Authorized third-parties will gain access to customer data in machine-readable format
and can help customers manage their energy usage
Customers will be able to obtain and install devices that automatically trade-off energy
cost, comfort, and environmental impact based on user preferences; devices also
provide remote control capabilities (via Web)

Electric Transportation Integration
The number of plug-in electric vehicles (PEV) will increase in the future. In the near-term,
utilities will focus on deploying smart charging programs, including rates that require
discrete measurement such as time-of-use and demand-side management techniques
(e.g., PEV demand response). Smart charging programs will enable utilities to offer
their PEV customers with cost saving grid friendly methods of charging their vehicles.
In the longer-term, with expected high levels of PEV penetration, utilities may have an
opportunity to use PEVs for advanced smart charging techniques such as energy storage
or vehicle-to-grid programs, which can ultimately support the integration of increased
renewable resources into the grid.
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