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NOTICE 

This report was prepared by Norgen Consulting Group, Inc. in the course of performing work contracted 
for and sponsored by the New York State Energy Research and Development Authority and the New York 
Power Authority (hereafter the "Sponsors"). The opinions expressed in this report do not necessarily reflect 
those of the Sponsors or the State of New York, and reference to any specific product, service, process, or 
method does not constitute an implied or expressed recommendation or endorsement of it. Further, the 
Sponsors and the State of New York make no warranties or representations, expressed or implied, as to the 
fitness for particular purpose or merchantability of any product, apparatus, or service, or the usefulness, 
completeness, or accuracy of any processes, methods, or other information contained, described, disclosed, 
or referred to in this report. The Sponsors, the State of New York, and the contractor make no 
representation that the use of any product, apparatus, process, method, or other information will not 
infringe privately owned rights and will assume no liability for any loss, injury, or damage resulting from, 
or occurring in connection with, the use of information contained, described, disclosed, or referred to in this 
report. 
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ABSTRACT
 

Energy users considering implementing synchronous parallel cogeneration in the Con Edison 
service territory are faced with the prospect of paying for significant substation upgrades. These 
costs can run into the millions of dollars. As an alternative, NYSERDA co-funded pilot projects 
that may provide an alternative to substation upgrades and improve the economics of 
cogeneration projects in Manhattan. 

This demonstration project involved using a commutating current limiter (CCL) to protect the 
Con Edison distribution network from potential faults created by the cogeneration project. The 
use of the CCL will result in significantly lower costs to the project than the current alternative 
and help more cogeneration projects move forward. 

The NYPH cogeneration project used a G&W “CLiP” as its protection alternative and they were 
able to secure approval from Con Edison for the use of the CCL. In addition, the device was 
triggered shortly after start-up of the cogeneration project by a fault on the utility side of the 
service. The CCL provided the protection anticipated and no equipment failure resulted from the 
fault. 

Upgrading the substation was estimated to cost anywhere from $380 to $1000 per kW. 
Nevertheless, since the substation upgrade costs are not related to the size of the cogeneration, 
with a larger number of breakers in the vault, the impact may be much greater. For this 7.5 MW 
project, the CCL cost approximately $220,000 to implement, or $29 per kW. As a result of this 
demonstration project, facilities considering synchronous parallel cogeneration now have a viable 
alternative to substation upgrades. 
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SUMMARY 

New York Presbyterian Hospital is a full service, teaching medical center located on the East 
side of Manhattan, New York. The hospital completed a cogeneration study and was 
considering implementation of a 7.5 MW gas solar turbine with heat recovery and duct firing. 
Synchronous operation would allow the hospital to operate in the event of power loss on the 
utility side. Although advantageous to the medical center, this configuration also subjected 
Con Edison to potential fault currents from the generator. As such, the project was subjected to 

significant restrictions and requirements from the utility. Among them was the potential of 
having to upgrade the breaker capabilities of the local substation to handle any fault coming 

from the generator, at a potential cost of several million dollars. 

As an alternative to the substation upgrade, the hospital investigated the use of a commutating 

current limiter (CCL) to provide the required fault protection. In general, the device uses a 
notched conductor with small imbedded charges that “explode” when a fault current is 
indentified. The fault current is then rerouted to a fuse that absorbs the energy and melts. 
Because of the configuration, the unit has the ability to trigger the explosion and mitigate the 
fault in an extremely short period of time; satisfying the protection requirements of the utility. 
Although this device is commonly used in utility distribution applications, it is not common in 

cogeneration applications. 

The project was able to secure authorization from the utility to use the CCL as a fault 
mitigation device. Numerous factory tests showed the reaction time of the unit to be from 83 

to 91 μsec. The unit was installed as part of the switchgear for the cogeneration and was 
configured to identify both the incoming and outgoing faults on the service entrance. Shortly 

after system start-up, the facility experienced an incoming fault from the utility. The fault was 
high enough to trigger fuses at the local substation and the CCL triggered and isolated the fault. 
The momentary outage to the facility tripped equipment and restarts were required. 
Nevertheless, there was no damage to the facility, the cogeneration plant, or its ancillary 

equipment. 

Implementing the CCL added approximately $220,000 to the cost of the project.1 This resulted 

in a cost to the project of approximately $29 per kW. If the project had to pay the estimated 

cost of upgrading the substation, the net effect would have been anywhere from $400 to $1000 

per kW and would have made the project uneconomic. Since the cost to upgrade a substation 

is independent of the size of the cogeneration plant, these impacts could be even greater. 

1 The cost of the CCL was integrated into the total cost of the switchgear. 
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Project Overview 

Problem Definition 
The New York Presbyterian Hospital is located on the island of Manhattan in the City of New 

York. Because of the physical characteristics of the Island, it is referred to as a “load pocket.” 
Electricity must be produced on the Island or “transmitted” in across one of two rivers. The 
“In-City” electrical capacity reserve is currently at or below the recommended margin of 18%. 
Political obstacles and the “not in my backyard” syndrome have significantly reduced the 
opportunity to build new generating equipment in the New York City (NYC) and has stifled 

transmission projects that could import more power. 

Distributed Generation (DG) offers a viable solution to resolving the electrical resource issue 
within NYC. With fuel conversion efficiencies exceeding 60% and significantly lower 
emissions than traditional coal and oil power plants, promoting DG in NYC can provide 
significant public benefit to the local and regional community. Installing synchronous, parallel 
generating equipment offers the added benefit of providing “black-start” generating capacity in 

the event of a power outage from the local distribution system. The systems do not require 
operating KVARS from the local distribution company. 

However, synchronous parallel generation represents a special problem in Con Edison’s 
network. The potential for fault currents into their substations from the generation equipment 
may cause significant problems and damage. This is especially true in substations that are near 
their maximum fault current duty. Many of the company’s substations are at their maximum 

capacity and Con Edison has established policies and procedures for the introduction of DG to 

protect the distribution system. These procedures have, in some cases, made DG technically 

and economically unfeasible. 

Figure 1 2 is Con Edison’s most recent interconnection map showing areas that may or may not 
be good candidates for interconnecting synchronous generation equipment. The red areas 
indicate areas where the breakers in the substation are at capacity and cannot withstand the 
introduction of additional fault current. Areas in green may have sufficient breaker capacity in 

the substation for the interconnection of a synchronous generator. However, interconnection is 
not guaranteed. Each project is studied on a case by case basis to determine the potential 
impacts on the substation and system. The process can be extremely time consuming. If the 
project is large enough, the fault current capacity for a given substation may be exceeded and 

the project would be required to install fault mitigation equipment. 

2 From Con Edison’s Web site, ConEdison.com/Distributed Generation 
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The second issue facing potential projects in green zones is that project applications are queued 

in the order they are received. The potential impacts of all prior applications are considered 

when reviewing an application for mitigation purposes. 

As more and more interest in synchronous DG increases the quantity of applications to Con 

Edison, the “available” fault current capacity in the Con Edison substations may be used up 

fairly quickly from the projects in queue. It is unlikely that a project applicant holding a Con 

Edison interconnection “approval” will readily give up the approval, even if the proposed 

project is delayed or on-hold. New York Presbyterian Hospital’s DG is located in the red zone 
between 61st and 77th streets and the upgrade of the substation is not anticipated until 2014. 

Substation upgrades, if required, must also be paid by the applicant if they want to proceed 

with the project. These upgrade costs easily exceed $1 million. A typical Con Edison 

substation has 40,000 amp breakers. An upgraded station has 63,000 amp breakers, which 

have been specially designed and manufactured to meet Con Edison’s increased fault 
requirements. Each breaker costs approximately $100,000. Installation by Con Edison 

personal is estimated around $20,000 each for a total installed cost of $120,000. A substation 

normally has 4 to 5 feeders and can have 24 to 60 breakers. In order to “upgrade” the 
substation, every breaker needs to be replaced. This could cost anywhere from $2.8 million to 

$7.2 million.3 Applicants could wait until Con Edison upgrades its sub-station, but many of 
these projects are years away from completion, and upgraded substations are no guarantee of 
an interconnection approval. 

A readily acceptable, cost effective fault protection mechanism may help simplify and shorten 

the current Con Edison approval process and facilitate the implementation of synchronous DG 

in Manhattan. Facilities considering this type of project can simply specify and factor the cost 
of fault mitigation into the project. This will eliminate much of the uncertainty in the process 
and reduce the process time and resources required to implement projects. 

3 Based on estimates provided by Con Edison. 
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Options for Fault Current Mitigation 
Synchronous DG projects have several options for providing fault current mitigation. 

1. Install reactors in line with the DG. 
2. Install melting element current-limiting fuses 
3. Install breakers 
4. Install commutating current limiters (CCL) 

Although reactors are an effective tool for fault current mitigation, they offer some key 
drawbacks. The reactor’s required impedance may prevent sufficient load current flow or 
cause excessive voltage drops on the system. In addition, they consume substantial energy 

while they are in operation. These issues may upset the economics and functionality of a DG 

system.4 

Traditional melt-able fuses can operate in ¼ to ½ cycles. However, they do not limit the 
maximum current to the equipment. In order to trip, the current rating for the fuse must be 
exceeded which subjects the equipment to extremely high current levels. Traditional breakers 
typically operate in three- to-five cycles.5 This would expose their substations to potential 
damage and would not be fast enough to satisfy Con Edison’s requirements.6 

CCL technology has very high nominal operating currents and will clear a fault very quickly; 
¼ to ½ cycles. The clearance methodology limits the actual current through the conductor and 
the operating time should easily satisfy Con Edison’s requirements, protect the system, and 

avoid damage to any downstream equipment. 

Commutating Current Limiters 
Commutating current limiters (CCL), also known as Triggered Current Limiters (TCL), are 
devices that have been used in transmission and distribution systems to provide protection to 

utility grids for many years. Their primary application has been to provide over-current 
protection in the high continuous current range (up to 5000A) of medium voltage (1-38kV) 
equipment where traditional, melting element current-limiting fuses reach their practical limit 
and generally do not exist.7 

Traditional Applications of CCL include the following: 

4 John S. Schaffer, “Triggered Current Limiters for Closing Bus Ties, Bypassing Reactors and
 
Improving Power Quality.” 

5 The breakers used by Con Edison were specifically designed to meet the high current
 
requirements.

6 G&W Electric Company
 
7 Ibid.
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1.	 Reactor Bypass - CCL have been used to bypass reactors in utility and industrial 
applications. The operating current flows through the CCL until a fault occurs. The CCL 
trips and “commutates” the current through the reactor. This allows the reactor to 
provide fault protection without a power interruption. This system results in lower 
operating costs and better voltage control during normal operation. 

2.	 Service Entrance and Substation Equipment - CCL has been used to extend the maximum 
capacity of service entrance equipment and substations without the need for expensive 
upgrades to breakers, transformers and other gear. 

3.	 Protection against Catastrophic Failure - CCL have been used to mitigate faults before 
they reach critical equipment such as oil filled transformers. 

4.	 Bus Tie Closure - In cases where closing a bus tie will allow a distribution system to 
meet load requirements, the CCL has been used to protect against high fault currents 
within the systems. 

5.	 Installation of DG - CCL have been used to protect against fault currents from large 
power plants without the need to replace switchgear or install reactors. 

CCL are currently manufactured by G&W (the CLiP), ABB (Is Limiter) and S&C (Fault Fiter). 
This demonstration project will involve the G&W CLiP. According to the manufacturer, this 
will be the first time the device is used to protect the grid from a DG client in Manhattan. 

Project Goals 
The primary goal of this project was to determine if Con Edison would accept the CCL 

technology as a viable alternative to a substation upgrade. Acceptance of the technology 

would provide an economical alternative to implementing synchronous parallel generation in 

Manhattan. A secondary goal is to demonstrate how implementing the device affected the Con 

Edison approval process, documents the start-up and commissioning process and collected 

operating data on the CCL. This project serves as an example for other end users hoping to 

develop synchronous parallel generation anywhere in Manhattan and other electrically 

overloaded areas. 

Project Findings 
In March 2006, Con Edison provided the hospital with approval to install the G&W CLiP in 

lieu of upgrading the local substation as shown in Figure 2: Con Edison Approval Letter. The 
approval came with various caveats that were met by the project during and after installation. 
The letter suggests that Con Edison is willing to consider the use of this technology as a viable 
alternative to substation upgrades as long as certain conditions are met. As suggested by a Con 

Edison Representative in an e-mail at the conclusion of the project: 

“… ConEd has agreed that the current-limiting fuse proposal from NYPH, the G&W CLiP, will 
satisfy our concern about fault current contribution by eliminating the generator contribution 
within 1/2 cycle. The G&W CLiP was also approved for use on another generator connected in 
the LIC network and we anticipate that the application would be appropriate for other such DG 
installations, as long as they are properly specified, tested, and installed.” 
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 Figure 2 Con Edison Approval Letter
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The CLiP was installed as part of the switchgear of the CHP as shown below in Figure 3. The 
system consists of three CCL, one per phase. Each unit has its own logic system in the event 
that the fault occurs on only one of the three legs (in a three phase system). 

Figure 3 NYPH CHP CLiP Installation 

The unit was factory tested to ensure compliance with the specifications on the application. 
The test results are provided in Appendix A. These tests show that the unit has a “Trigger to 

Fire Time Delay” of 83 to 93 μsec. The planned field test where a shunt fuse was to be fired 
was not conducted. Nevertheless, the lab tests were carried out in the field as part of the 
commissioning process in order to confirm the factory test findings. 
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The system was commissioned according to the G&W check procedures as shown in Appendix 

B. 

Real-Time Test Fire 
In June 2009, shortly after start up of the CHP system and live operation of the system, Con 

Edison experienced a severe fault on its system. The fault current introduced into the 
substation and switchgear of the CHP was high enough to trip a substation breaker and the 
CLiP. This fault resulted in a momentary loss of power that tripped equipment within the 
central plant and throughout the hospital. All three legs of the CCL were triggered and the 
fault discharged into the associated fuse. There was no adverse impact to the Solar Turbine 
CHP or its control panel, switchgear or any other associated ancillary equipment. This incident 
clearly demonstrated the ability of the CLiP to isolate faults in a manner that protects 
equipment from harmful faults. 

Although the device is designed to absorb a significant fault current by “exploding” charges 
along the primary conduit and redirecting the current to a “melting” fuse, there is very little 
outward appearance of an event. A small tip extrudes from within the fuse when it fires. This 
is one indication that an event has occurred. 

The cost to replace the three fuses on the CLiP was $30,000 ($10,000 per leg) and the 
replacement was done using internal staff. Although originally installed to protect the Con 

Edison system from internally produced fault currents, the CLiP was also able to protect the 
system from incoming fault currents as well. 

Cost of Installation 
The CCL does not come as a standalone unit. It must be integrated into the switchgear of the 
application. As such, it is difficult to isolate the cost of implementing this technology from the 
general cost of switchgear and its associated ancillary costs. 

The invoices associated with the switchgear are provided in Appendix C and  are summarized 

in Table 1 below. The total cost of the switchgear for the project was approximately 

$596,694.50. Of this total cost, approximately $220,000 to $250,000 was related to the 
installation of the CCL (including engineering, materials, manufacturing, etc.). This resulted in 

a cost to the project of approximately $29 per kW. If the project had to pay the estimated cost 
of upgrading the substation, the net effect would have been anywhere from $400 to $1000 per 
kW and would have made the project uneconomic. These findings are summarized below in 

Table 2. 
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Table 1 Invoice Summary
 

Invoice # Amount 

1027286 $ 173,170.00 

1027287 $ 121,007.00 

1030008 $ 302,517.50 

$ 596,694.50 

Table 2 CCL vs Substation Upgrade Comparison
 

Sol a r Turbi ne  Capa ci ty 7500 kW 

Technology Estimated Cost Cost/kW 

Subs tati on Upgra de  (l ow) $ 2,800,000 $ 373 

Subs tati on Upgra de  (hi gh) $ 7,200,000 $ 960 

CCL $ 220,000 $ 29 
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Conclusion 

Projects considering synchronous parallel interconnection of their cogeneration plants with 

Con Edison’s distribution must meet strict standards for protecting the utility’s equipment from 

potential fault currents created by their cogeneration plants. Options include upgrading the 
utility’s substation or installing protective equipment on the client’s side of the service 
entrance.  Upgrading the utility substation requires that all of the breakers within the substation 

serving the client be upgraded with higher amperage breakers. This could cost millions of 
dollars and will likely make projects uneconomical. Alternatives to this include installing 

reactors, current limiting fuses, breakers or commutating current limiters (CCL). 

Although reactors are an effective tool for fault current mitigation, they offer some key 
drawbacks. The reactor’s required impedance may prevent sufficient load current flow or 
cause excessive voltage drops on the system. In addition, they consume substantial energy 

while they are in operation. These issues may upset the economics and functionality of a DG 

system. Traditional meltable fuses can operate in ¼ to ½ cycles. Nevertheless, they do not 
limit the maximum current to the equipment. In order to trip, the current rating for the fuse 
must be exceeded, which subjects the equipment to extremely high current levels. Traditional 
breakers typically operate in three-to-five cycles. This would expose their substations to 

potential damage and would not be fast enough to satisfy Con Edison’s requirements. 

CCL technology has very high nominal operating currents and will clear a fault very quickly; 
¼ to ½ cycles. The clearance methodology limits the actual current through the conductor and 
the operating time should easily satisfy Con Edison’s requirements, protect the system and 

avoid damage to any downstream equipment. 

This project demonstrated that the CCL technology can be acceptable to the local utility as an 

alternative to substation upgrades for fault mitigation. In addition, using the technology may 
be a very cost effective way to implement synchronous parallel cogeneration. The cost impact 
of the CCL for this project is estimated at around $29 per kW whereas a substation upgrade 
would have cost anywhere from $400 to $1000 per kW as shown in the table below. 

Sol a r Turbi ne  Capa ci ty 7500 kW 

Technology Estimated Cost Cost/kW 

Subs tati on Upgra de  (l ow) $ 2,800,000 $ 373 

Subs tati on Upgra de  (hi gh) $ 7,200,000 $ 960 

CCL $ 220,000 $ 29 
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In addition to gaining interconnection approval, the technology proved effective when it 
mitigated an incoming fault early in the operation of the cogeneration plant. Although the fault 
current was large enough to trip utility side-substation breakers, the CCL protected the Solar 
Turbine cogeneration plant, the control panel and other ancillary equipment within the hospital. 

As stated in an -mail by a representative of Con Edison to a member of the project team after 
the successful installation of the CCL for this project, 

“… ConEd has agreed that the current-limiting fuse proposal from NYPH, the G&W CLiP, 
will satisfy our concern about fault current contribution by eliminating the generator 
contribution within 1/2 cycle. The G&W CLiP was also approved for use on another 
generator connected in the LIC network and we anticipate that the application would be 
appropriate for other such DG installations, as long as they are properly specified, tested, 
and installed.” 
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