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Oversight: Resiliency of NYC’s Electric Power


I. Introduction


On April 26, 2017, the Committee on Recovery and Resiliency, chaired by Council Member Mark Treyger, will hold an oversight hearing on the Resiliency of NYC’s Electric Power.  

II. Background


As a February 2017 article in the New York Times put it, “[w]hen you turn on a light or charge your phone, the electricity coming from the outlet may have traveled hundreds of miles across the power grid that blankets most of North America — the world’s largest machine… .”
 The power you are using at this second may have been generated by Niagara Falls, or by a natural-gas-fired plant on a barge floating off of Brooklyn’s shore.
  In order to conceptualize the whole of New York City’s power supply system, some simplification is necessary.
A. New York City’s Power System: Generators, Transmission, Distribution


The City’s power system is generally comprised of three components: power generators such as, for example, power plants, Niagara Falls and the Indian Point nuclear facility, which generate electricity on a large-scale; transmission infrastructure, which conveys electricity at high-voltages over relatively long-distances; and distribution infrastructure, which steps-down the voltage of electricity being transmitted into the City and distributes electricity locally through a network of substations and lines.  
[image: image2.png]Electric Generation to Customers

Area Substation Transformers Residential and
voltage is stepped down voltage is stepped down for Commercial Customers
for distribution by feeders distribution to residential and

ccommercial customers





The City’s power supply system serves more than 3 million customers, including 250,000 businesses and 8.3 million persons.
  The City’s electric grid (ie. the transmission and distribution portions of the system) holds peak loads of 11,000
-13,500
 megawatts (MW) of electricity.  The more-usual power load in the City is 6,000-9,000MW, with a record high load of 13,322 MW.

The City’s power system consists of out-of-state and Upstate power generators, 24 “in-City” power generating plants, transmission lines that originate outside of the City and import electricity from power generators external to the City, transmission substations, 50 area substations, underground distribution networks and overhead distribution networks.
 
B. Generators 
The 24 in-City power generation plants that directly serve the City have a combined capacity to generate approximately 10,000 MW of power – enough to meet 80% of the City’s  peak demand (“peak demand” is the greatest amount of electricity demanded by customers), which meets the reliability requirement of the New York State Reliability Council (NYSRC).
 On an annual basis, only 50% of the electricity that is consumed in the City is provided by these in-City generators.  The majority of the balance of the City’s electricity is supplied by less-expensive and cleaner power generators that are located in New York State and surrounding regions.
   Power is imported into the City via a handful of transmission lines that connect the City with approximately 6,000 MW of electricity from areas including the Hudson Valley and northern New Jersey, northern and western New York State, Pennsylvania and New England.  Each of these regions has a different fuel supply mix, and in 2014, power transmitted into the City was generated primarily by natural gas (67%) and nuclear (31%), with less than 2% coming from landfill gas, hydropower, coal, wind, solar and other fuel sources.
  Power is also supplied to the City by smaller-scale generators, such as solar panel installations, which in total provide about 300 MW of so-called “distributed generation” to the City.

	Snapshot: Power Supply Used by New York City


	Amount of power (Megawatts)
	Source
	Description

	~10,000 MW
	in-City power generator 
	24 large-scale generators located in-City.  Relatively expensive power source. Supply 50% of power used in NYC annually. Fuels used include natural gas and fuel oil.

	~6,000 MW
	out-of-City power generators
	Large-scale generators located in Hudson Valley, northern New Jersey, northern and western New York State, Pennsylvania and New England.  Supplies substantial portion of power used in the City. Import power into City via handful of transmission lines.  Primary power sources and fuels are natural gas, nuclear, hydropower, coal, wind and solar.

	300 MW
	in-City distributed power generators 
	Small-scale power generators located in-City.  Includes residential and small-scale solar energy projects.
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This graph shows amount of power on the City’s grid across the span of a day, April 18, 2017. The red line shows the City’s power load, the blue line shows the State’s power load.  The City’s load varies around 5,000 Megawatts across the hours shown.  This data is found on NYISO’s website.
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This map was generated using data from the United States Energy Information Administration. It shows the number of power plants across the City, their location, and their relative size (capacity, in Megawatts) is distinguished by a color coding system
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This map shows all in-City power plants that are 100 megawatts in size or larger, and the population concentration around them. Source: The map is based on USEIA data and data from the American Community Survey (2014).
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Graph: Shows the types and relative mix of power generators that supply the City with electricity, projected into the future.

C. Transmission and Distribution Systems
 Transmission infrastructure and lines connect power generators both out-of-City and in-City with Con Edison’s electric grid through high-voltage substations and equipment.  A single substation may serve as a conduit of electricity for hundreds or even thousands of customers.
  Transmission substations step-down the voltage of the electricity and then feed it into the distribution system.  Con Edison is the primary electric utility in the City providing electricity distribution services in all five boroughs; although Public Service Enterprise Group operates and maintains the distribution system serving the Rockaways (the Rockaways were formerly served by National Grid which operated the Long Island Power Authority’s infrastructure). The distribution system includes lines that originate from substations, typically serving one or two neighborhood-level networks of customers, which might include several thousands of customers.
  In densely populated areas, the distribution system carries electricity from substations to customers via underground network systems. In the rest of the City the distribution system consists of a combination of underground and overhead loop systems and radial lines.
 All of Manhattan and high density neighborhoods in the surrounding boroughs are served by underground networks. These underground networks are generally laid down as dense grids that can serve a given customer through multiple pathways and thus offer system redundancy and higher reliability. Above ground, or overhead, electric distribution lines and equipment are used in simpler non-network configurations that provide fewer redundancies but are less costly to maintain and repair, and are generally found in lower density neighborhoods in the Bronx, Brooklyn, Queens and Staten Island.
 The below graphic and table illustrate where each can be found:

[image: image7.png]Electric Distribution Systems

I Underground Network reas
15 Oerhead ool and LoopSystem reas





Source – New York City Mayor’s Office, “A Stronger, More Resilient New York,” Chapter on “Utilities,” page 109, available at http://www.nyc.gov/html/sirr/downloads/pdf/final_report/Ch_6_Utilities_FINAL_singles.pdf
III.   Past Resiliency and Reliability Issues 
A. Recent blackouts and electrical outages


Prior to Hurricane Sandy’s arrival, the City’s power system did suffer some disruptions and incidents. In 2003, the City suffered a Citywide blackout caused by a malfunction in the electric grid several States away (see Appendix A.). In 2006, a heat wave caused a blackout that affected approximately 250,000 Queens residents, and in the summer of 2015 heat was a factor in an electrical outage that impacted 20,000 people on Staten Island and thousands in Brooklyn and Queens.

B. Superstorm Sandy’s Impacts
Superstorm Sandy’s temporarily knocked out one-third of the City’s power generating capacity.  More than 800,000 customers, or more than 2 million New Yorkers, were without power from four days to two weeks. Buildings were without elevators, security systems, lights, and in some cases, water.
When the storm arrived, the surge was higher than expected and flooding forced several generating plants and transmission lines that import electricity from New Jersey to shut down, leaving the City to rely on in-city and Upstate New York power supplies. Some facilities, such as the Brooklyn Navy Yard Cogeneration plant and Linden Cogeneration Plant, were severely damaged by the storm surge. Other facilities were temporarily disconnected from the City because of impacts to transmission lines.  

One of the most significant impacts Sandy had on the electrical system occurred when the storm surge flooded key substations.
 In the Rockaways, four LIPA substations were impacted by floodwaters resulting in widespread power failures across the peninsula. In Manhattan, the storm surge overtopped temporary barriers and flooded two transmission substations at Con Edison’s East 13th Street complex and impacted an area substation in Lower Manhattan. At these locations, critical equipment was submerged in saltwater, damaging such equipment and causing a loss of power to most of Manhattan south of 34th Street.  Flooding of a substation in Staten Island caused power outages in the western sections of that borough. All in all, about 370,000 customers in the City lost power due to network shutdowns and substation flooding.  

Sandy caused localized outages by impacting overhead distribution systems. Strong, sustained winds and gusts damaged and downed trees and tree branches, knocking them into power lines. This resulted in damage to 140 miles of overhead lines, 900 transformers and 1,100 poles in Con Edison’s system. As a result, two-thirds of the City’s customers who were served by overhead infrastructure lost power at some point.
  

IV. Future Resiliency and Reliability of the Power Supply
A. Indian Point

The Indian Point nuclear power facility, operated by Entergy Nuclear, is located about 24 miles north of New York City on the banks of the Hudson River. It consists of three reactors – Unit 1, Unit 2, and Unit 3.  Unit 1 was permanently shut down in 1974 because its emergency core cooling system did not meet regulatory requirements.
 In January 2017, Governor Andrew Cuomo announced that the State and Entergy - after extensive litigation and negotiation - agreed to end all operations at the facility, with plans to shut down reactor Unit 2 as early as April 2020 and Unit 3 in April 2021, 13 and 14 years earlier than required under the anticipated federal re-licensing terms, respectively.
 

Entergy and the Indian Point facility have, for years, been the subject of opposition, pressure, and calls for closure, including Res. No. 694, which the Council introduced in 2015 calling on the United States Nuclear Regulatory Commission not to relicense the Unit 2 and 3 reactors.  
Advocates for the closure of Indian Point argue that it poses a risk of disaster if a severe earthquake, weather, terrorist attack or other event cause a reactor meltdown;
 they argue that Indian Point has maintenance issues
 and safety violations issued against it by the Nuclear Regulatory Commission; and they argue that it has an environmental impact by pulling in large volumes of water from the Hudson River for cooling purposes.
 
The reactors which are planned to cease operating – Units 2 and 3 - are, together, capable of generating more than 2,069 MW of electricity.
  Entergy has stated that Indian Point supplies 25% of the electric power that is used in New York City and Westchester.

Reports have found that Indian Point should be able to close without compromising the reliability of New York’s power system and electric grid.  Closure of Indian Point could, however, impact electricity rates. The Governor’s Office estimated that the proposed shutdown would add $3 per month to electric bills in the New York City area.
 A substantial technical report
 issued by environmental groups in February 2017 made several conclusions supporting closure of Indian Point including that: 

· Increases in distributed solar resources and energy efficiency will continue to reduce the need for utility‐scale energy resources. 
· By 2022, increases in energy efficiency which are projected to occur under State policies will obviate the need for an amount of energy that is equivalent to more than one‐third of the output of Indian Point. By 2030, those assumed increases in the efficient use of energy will lower energy demand by an amount that is equivalent to 91% Indian Point’s power output. 
· The completion of the Champlain Hudson Power Express, which is a proposed project to bring 1,000 MW of power to the New York metro region, could supply more than 40% of the output of Indian Point. 
· Solar and wind power generation capacity is expected (under State policy) to be added to the New York system in every year through 2030.  
In response to the announcement of Indian Point’s planned closure, the Independent Power Producers of New York (IPPNY), which is an industry association of power plants and generators in New York, issued a statement that there are ample power supply resources available to replace Indian Point’s power by 2021. IPPNY notes that over recent years 1,000 MW of power have come online in the Lower Hudson Valley Capacity Zone, and two facilities are under construction; CPV Valley Energy Center 650 MW facility and Cricket Valley Energy Center 1,000 MW facility, each of which is powered by natural gas.
 

Finally, the New York Independent System Operator (NYISO) is a not-for-profit corporation responsible for operating, administering and managing the flow of electricity across the State’s electric grid.  NYISO is responsible for ensuring the grid’s reliability and regularly conducts a Reliability Needs Assessment (RNA). In their most recent Assessment, NYISO found that the equivalent power capacity of more than a single Indian Point reactor (note: there are two reactors operating at Indian Point) could be shut down immediately without causing a reliability problem for New York.  However, NYISO found that there would be an approximately 500 MW reliability need if the second reactor closed in 2021.
  Regarding this report, IPPNY noted that it did not take into account a number of market factors that will reduce the likelihood of Indian Points closure resulting in a reliability need, such as an updated peak load forecast that is 250 MW lower than what was assumed in the RNA, the continued operation of approximately 1,500 MW of upstate nuclear units, and the 1,000 MW AC Transmission upgrades.

B. Local Law 13 and the Undergrounding of Power Lines

In 2013 the City Council passed Local Law 13, requiring a study of the possible increased utilization of underground power lines in the City. That study, entitled ‘Utilization of Underground and Overhead Power Lines in the City of New York,’ was prepared by the Office of Long Term Planning and Sustainability (OLTPS) and was completed in December, 2013. In reaching its findings it relied upon other prior studies which are also herein referenced.

The OLTPS study looked first at considerations of cost. Con Edison enlisted the firm Clough Harbour & Associates LLP in 2007 to evaluate the feasibility of converting the existing overheard electric distribution system in Westchester County, Brooklyn, Staten Island and the Bronx to an underground distribution system. This evaluation was updated in 2013 and it provided estimates as follows: $27.2 billion to convert Bronx/Westchester County combined, $3.2 billion for Brooklyn, $5.6 billion for Queens and $6.9 billion for Staten Island, for a total of $42.9 billion to convert the entire area, with $18.5 billion of that within New York City. This was then juxtaposed with Con Edison’s system-wide capital investment budget which was then $1.5 billion.

Creating underground electric distribution systems in those areas, however, would not eliminate the need for utility poles since other services, such as telephone, cable and fiber would still depend upon them. Moving that infrastructure underground as well was estimated to cost at least an additional $23 billion.

These high costs were found to be driven in part by the challenge of finding suitable routes in which to install new underground facilities, as well as the competing existing uses of underground space. Thus the Bronx, in which the above ground areas have a slightly higher density compared to similarly serviced areas in the other boroughs, was estimated to have a slightly higher per mile cost for undergrounding.
 Additionally, undergrounding contemplates the moving of not just wires but also transformers and switching equipment, into concrete encased duct banks, manholes and vaults, which would be a significant undertaking.
 The study made reference to a study by a national trade group, the Edison Electric Institute, which found that over the prior ten years at least eleven studies have been generated by states on the merits of undergrounding overhead electric lines to deal with the effects of storms and not one of the relevant state utility commissions recommended wholesale undergrounding of the utility infrastructure. The study additionally found that the likely costs were significantly higher than customers’ willingness to pay.

The OLTPS study also looked at operational concerns, such as durability. “Possible problems associated with undergrounding include… longer repair times, and a lessened longevity of components – potentially only 30 years for underground system elements versus as long as 50 years with overhead facilities.”

The OLTPS study additionally considered the relative performances of aboveground and underground systems during major storms. Superstorm Sandy was significant, causing nearly a quarter of the total number of customer interruption hours that were experienced in New York State in the prior 23 years, but outages can be caused by lesser storms as well.
 Underground systems would be protected from certain storm risks, such as falling trees and limbs and vehicular accidents, as well as from lightning strikes or ice loading. However, underground systems are instead exposed to other potential risks and hazards. These include exposure to wet and humid conditions within underground vaults and the corrosive effects of salt and other chemicals applied to roads to counteract winter weather conditions. These effects are contributors to the lower life expectancy of underground electrical systems, as discussed above. There is also an increased risk of thermal loading during heat waves and, as was seen during Superstorm Sandy, a danger from storm surges, flooding and sewer overflows, in coastal areas.

“Historically, industry data has generally shown that while underground distribution systems experience fewer overall interruptions, those that do occur often last longer than those on overhead systems due to the challenges of diagnosing and repairing subterranean facilities that are out of view. Performing these tasks is inherently more complex compared to doing the same on aboveground facilities. To some degree, this differential may be diminishing due to the higher degree of automation now increasingly being built into underground grid elements to permit greater system visibility, and to facilitate more rapid repairs. Nevertheless, the recognized difference in restoration times between the two systems remains.”
 

The OLTPS study concluded that “[a]pproaches other than wholesale conversion of the overhead system, such as a more targeted or selective approach, potentially could realize many of the expected benefits at a fraction of the cost of full conversion. There are also less costly improvements that could be made to the overhead system on a much greater scale to markedly increase its resilience and resistance to storm damage.”
 The study therefore proposed the use of a) targeted undergrounding, b) the strengthening of overhead poles and lines and the c) wider use of a sectionalized or segmentation approach on both underground and overhead systems, to limit the geographic scope of outages.
 

To fortify utility infrastructure, in addition to selective undergrounding, the study highlighted enhanced tree clearance programs and new pole designs with resilient cable, better able to withstand tree impacts, as well as the installation of automated switches, isolation devices and sacrificial components.
 Some of the latter technologies, such as auto-loops which allow feeders to be fed from either end, would increase the redundancy and resiliency of existing networks. For both above and below ground networks, increased sectionalizing, where circuits are divided into smaller segments with fewer customers served in each segment, bringing each from perhaps 1,000 customers to fewer than 500, was also highlighted. This would lessen the vulnerability to single points of failure, as well as lessen the impacts of preemptive network shutdowns.
 Finally, Con Edison was said to be piloting breakaway overhead cable connections that would disconnect when struck from above by a load in excess of 500 pounds, such as a tree. These breakaway cables would fall de-energized, so that no electrocution risk from a live wire would be present, and would prevent stress on the attached poles, making them less likely to break. It was also thought that this would reduce needed restoration time.
 Some of these measures also compare favorably in terms of cost, with overhead circuit segment size reductions perhaps costing only about 1/10th of what undergrounding would cost in one examined area.
 The study did not propose which neighborhoods might be the best candidates for targeted undergrounding, other than saying coastal areas might not be suitable. 

C. Con Edison Storm Hardening Plan
On January 25, 2016 the New York State Public Service Commission issued an order approving Con Edison’s storm-hardening and resiliency plan for 2016,
 which is part of a 4-year plan the utility proposed to strengthen the company’s electric, natural gas, and steam distribution system in the wake of Superstorm Sandy.  The 2016 plan, which calls for an investment of nearly $459 million, includes work to strengthen overhead distribution and transmission lines and fortify generating stations. Con Ed has planned a total investment of $741 million in its electric storm hardening measures between 2014 and 2016.
 
D.  Conclusion

The Committee looks forward to hearing from the Office of Recovery and Resiliency and the Department of Citywide Administrative Services on recent developments in the City’s electrical resiliency efforts, particularly in light of the closing of Indian Point. 
Appendix A.

Map Illustrating the Interconnectedness of Regional Grids across the United States
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