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as it increases the stray current risk to crews working to fix the problem that caused the 
blackout. It also exacerbates the fault current problem noted above.  As a result, Con Edison 
has imposed very strict (and what some CHP system owners and developers call 
conservative) rules about synchronous interconnection.  Such connections are not 
impossible, however.  The synchronous connection of two 800 kW gas engines in the Equity 
Office building in midtown Manhattan in 2005 was the first such system connected to the 
midtown grid and was treated as a significant technological milestone by Con Edison.62  [See 
case study in Appendix 3.]

Although from a technical perspective it operates completely differently, from a performance 
perspective inverter-based generation blends elements of synchronous and induction 
generation, in that its microprocessor-based controller allows the system to operate in parallel 
while still synchronizing its power with the grid.  The controller can detect fault conditions on 
the grid and stop the system from producing power much faster than other forms of 
generation, thereby contributing insignificant levels of fault current to the grid.63  Some types 
of inverters can also quickly and seamlessly switch a CHP system into grid-isolated mode, 
allowing the system to safely provide power to a facility during a grid failure without the risk of 
backfeed that can jeopardize the safety of work crews trying to fix the fault.  

Currently, there are two types of CHP technologies that have integrated inverters: fuel cells 
and some brands of microturbines.  However, inverters can be added to any type of CHP 
technology, and some reciprocating engine installations in New York City now use rectifier-
inverters to increase power quality and facilitate the interconnection process.64, 65

The variability of fault current contribution levels between synchronous, induction, and 
inverter-based generation types can result in dramatically different experiences with the 
interconnection process.  While systems with inverter-based and induction generators are
comparatively easier to interconnect, systems with synchronous generators require a much 
more involved interconnection process, often including extra engineering feasibility studies66

and an increased likelihood of project approval delays.  Though selecting a type of generation
involves consideration of issues such as project budget and type of CHP system technology,
the decision is also strongly affected by fault current levels in the area of the grid where the 
CHP unit is to be interconnected.

3. Limits to Interconnected Distributed Generation Capacity: Regardless of the mode of 
generation, Con Edison imposes a 10 MW upper limit on the amount of distributed generation 
connected to distribution feeders, and a 20 MW limit for DG interconnected at the substation 
level.67  Con Edison states that these limits represent the “maximum possible” levels of 
interconnected DG under ideal situations.  This assumes that at area substations there are 
no additional limitations – such as fault current or other technical issues – that would restrict 
the amount of interconnected DG below these levels.68

                                                                                                                                                
1.]  Some technologies using inverter-based generation, such as microturbines, are capable of seamlessly disconnecting 
from the grid and operating in island mode without the need for shutting down and black starting.  
62 Interview with Matt Vuolo, Regional Manager, Distributed Energy Systems (formerly Northern Power). April 20, 2007.
63 Inverter-based generation relies on microprocessors to convert one form of electricity to another (such as DC to AC).  
Inverters can also improve the ‘quality’ of the power produced by a generation system by reducing voltage fluctuations, a 
situation which can be desirable in settings where highly sensitive electronic equipment may be damaged by small voltage 
changes (such as in hospitals).  
64 Con Edison.  Distributed Generation - Inverted Generation. Accessed at http://q050-
w5.coned.com/dg/configurations/inverted.asp on August 8, 2007.  
65 Communication with Clint Plummer, Vice President, Asset Development and Underwriting, Endurant Energy. August 8, 
2007.
66 Con Edison.  Distributed Generation - Synchronous Generation.  Accessed at http://q050-
w5.coned.com/dg/configurations/synchronous.asp on September 7, 2007.
67 Con Edison. Specification EO-2115, Revision 8: Handbook of General Requirements for Electrical Service to Dispersed 
Generation Customers.  March 2006.  Accessed at http://m020-w5.coned.com/dg/specs_tariffs/EO-2115.pdf. pg. 14.
68 Ibid.
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A 2005 fault current study commissioned by Con Edison at the behest of the PSC, discussed 
below, pointed out that Con Edison’s method of calculating its limits for interconnected DG is 
different from that found in most industry guidelines.  While Con Edison determines feeder 
limits based on the all-time light load, or lowest amount of power demand in that area of the 
grid, other utilities usually calculate limits based on a percentage of peak load within that part 
of the grid.69  The study notes that Con Edison’s existing 10 and 20 MW limitations effectively 
restrict distributed generation – which includes CHP – to a relatively small fraction of the peak 
load of feeders and substations.70  Project developers must therefore ensure that these limits 
have not yet been reached within their respective area of the grid before pursuing the 
interconnection of a CHP project.

Overcoming the Fault Current Problem

In 2005, the PSC mandated a fault current review of Con Edison’s grid, in order to obtain a better 
understanding of the technical issues posed by fault current and explore potential solutions to the 
problem.  The study found that the redundant nature of the Con Edison grid design, while 
providing the highest levels of reliability in the country, simultaneously creates the conditions 
where fault current is a serious problem.71  In the same order mandating the fault current study, 
Con Edison was also required to establish and publish a schedule for replacing all of its 
substation circuit breakers at their fault current limits with newer devices capable of handling 
higher levels of fault current.72 Con Edison has complied with the PSC ruling, but due to the 
difficulty of scheduling the necessary equipment outages to replace the breakers – a result of Con 
Edison’s grid redundancies, reliability requirements, and other outages for urgent repair work –
the full replacement cycle is not scheduled to be completed until 2014.73

                                                
69 Tim Taylor, Andrew Hanson, David Lubkeman, and Mirrasoul Mousavi.  Final Report: Fault Current Review Study.  
Report No. 2005-11222-1-R.04, ABB Inc. Electric Systems Consulting.  Submitted to Con Edison December 22, 2005. pg. 
26.
70 Ibid, pg. 24.
71  Tim Taylor, Andrew Hanson, David Lubkeman, and Mirrasoul Mousavi.  Final Report: Fault Current Review Study.  
Report No. 2005-11222-1-R.04, ABB Inc. Electric Systems Consulting.  Submitted to Con Edison December 22, 2005. pg. 
1.
72 State of New York Public Service Commission, Case 04-E-0572. Proceeding on Motion of the Commission as to the 
Rates, Charges, Rules and Regulations of Consolidated Edison Company of New York, Inc. for Electric Service. Order 
Adopting Three-Year Rate Plan (issued March 24, 2005). 
73 Con Edison. Synchronous Generation Placement Availability by Region (website), accessed at http://m020-
w5.coned.com/dg/configurations/maps.asp on July 20, 2007.
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Figure 11
Con Edison Circuit Breaker Upgrade Map

Source:  Con Edison. Synchronous Generation Placement Availability by Region (website), accessed at http://m020-
w5.coned.com/dg/configurations/maps.asp on July 20, 2007.

Figure 11 is taken from a series of maps that Con Edison has developed showing which areas of 
New York City have available fault current margin (i.e., areas where more distributed resources 
can be added without exceeding the fault current limit) and the replacement schedule for areas 
with circuit breakers already at their fault current limit.  In one sense, these maps serve as an 
early proxy of where certain types of interconnection projects – namely, those that involve 
synchronous generation – can be expected to face a longer and more complex review process.  
The maps also potentially serve as guides for where CHP promotion efforts could be targeted, 
either in general or for specific technologies.  For example, Con Edison’s website states that 
generation with inverters (microturbines and fuel cells) and induction generation may be installed 
at all locations on the map, regardless of fault current margin.74

A second technical solution external to the grid involves the use of power electronics, which are a 
mix of devices used to convert, control, and improve power quality.  Previously, we have spoken 
of this technology in generic terms as the 'inverter' that can be integrated into the design of a 
CHP system. Inverters are required equipment on fuel cells because they produce DC current, 
which must be converted to AC before it can be consumed.  Though microturbines produce AC 
current, some manufacturers use two complementary forms of power electronics – a rectifier75

                                                
74 Con Edison, Map of Manhattan Synchronous Generation Placement Capability.  Accessed at http://m020-
w5.coned.com/dg/images/maps/m.pdf on August 8, 2007.  Though the interconnection of inverter-based and induction 
generation systems still requires technical review by Con Edison, the duration and complexity of the review is likely to be 
substantially less than for synchronous interconnection.  Con Edison also notes that inverter-based generation systems 
above 500 kW may require additional technical review.  See Con Edison’s discussion of inverted generation at 
http://q050-w5.coned.com/dg/configurations/inverted.asp.
75 A rectifier converts AC power to DC power, while an inverter converts DC power to AC power.
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and an inverter – to switch from AC to DC and back to AC power in order to produce higher 
quality power and facilitate interconnection. Power electronics technology facilitates the latter 
because the microchip processors can detect a problem on the grid and shut off or disconnect the
CHP system from the grid within 1/240th of a second – fast enough to prevent any significant fault 
current contribution to the grid.76

Fault current limiters and power electronics will likely be an important part of the future CHP 
scene in New York City, because the fault current margin will always be linked to the total amount 
of electricity-generating capacity connected to the grid. As demand continues to increase each 
year around the city, requiring additional generation to be connected to the grid, the technological 
'fixes' called for by the Public Service Commission will work for some time.  At some point, 
however, the upgraded circuit breakers may also reach their higher-rated capacity limit, requiring 
yet another round of system upgrades.

Other Strategies to Facilitate CHP Deployment in New York City

Another solution that has drawn attention in other jurisdictions, in the US and beyond, is the 
microgrid: a small power distribution system that can link several distributed resources in a 
separate distribution system that allows all the connected sources to collectively operate either in 
parallel or independently from the grid.  By aggregating and coordinating the output of multiple 
distributed power sources, microgrids provide a broader base of on-site generating capacity for 
connected users.  Moreover, by presenting the grid with a single point of interconnection, they 
effectively allow multiple generating units to connect to the grid as easily as one unit.  To the 
extent microgrids allow for redundancy by incorporating multiple power sources, microgrids also 
increase the likelihood that developers can sever their link to the grid altogether, operating 
completely in ‘island’ status.  

While microgrids are a relatively established technology for military or university campuses,77

more than ten years ago, a commuter town outside of London became home to one of the world's 
first municipal microgrids.78  Thanks to the farsighted efforts of municipal energy services 
manager Allan Jones, the Woking town center – including civic offices, two hotels, a conference 
center, a bowling alley, and parking garage – produces enough power from CHP and 
photovoltaics to be completely self-sufficient for heat and power, with leftover power available for 
export to other areas via a microgrid.  Jones’ work attracted the attention of London Mayor Ken 
Livingstone, who appointed Jones as the first Director of his new London Climate Change 
Agency.  Jones now has a mandate to “do a Woking” in London by increasing the city's use of 
microgrid-linked CHP and renewable power systems.79

It is easy to see the potential benefits of building microgrids in New York, with its highly 
constrained electricity grid and new targets for CHP and renewable power generation under the 
Mayor’s PlaNYC initiative.80 Con Edison reports they are exploring microgrid development in 
New York City, and it is expected to play a key role in the utility’s “third-generation grid” plans 
(commonly referred to as 3G).81 The time schedule for such changes is not yet clear.  

                                                
76 Communication with Clint Plummer, Vice President, Asset Development and Underwriting, Endurant Energy.  August 8, 
2007.
77 David Engle.  “CERTS Proves Two Grids Are Better Than One.” Distributed Energy, March/April 2005.
78 Paul Brown.  “Woking shines in providing renewable energy.” The Guardian, January 26, 2004. 
79 Hugh Muir.  “Wake-up call from Woking.” The Guardian, June 29, 2005. 
80  City of New York.  PlaNYC: A Greener, Greater New York.  Office of Long Term Planning and Sustainability, New York 
City Office of Operations.  April 21, 2007.  
81 Presentation by Arthur Kressner, Director, Energy Delivery Research and Development, Con Edison at Columbia 
University.  March 1, 2007. 
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