Discussion of Parallel Distributed Generation


connected to a Utility Low Voltage Network System








Overview Network System:





A Secondary Network Distribution System is supplied by at least two primary feeders where all the sources are tied together at the secondary level.  Network transformers with interlaced supply circuits are connected at various points throughout the grid.  By design, this configuration under normal operating conditions will not allow reverse power to flow out of the network back to the utility.  Network protectors are designed to interrupt fault current flow to a feeder fault  (an abnormal condition)  from the low voltage network.  This type of system is suited to areas having high load densities and high levels of service continuity.  The high level of service continuity is a benefit due to the network systems redundant design.  








Network/Problems with Parallel Generation:





With the addition of distributed generation Network protectors could be forced to operate more than contemplated in the original design as the on-site generation responds to varying load conditions.   As a result of a fault in a primary cable, or reverse power flow, the network protectors can open and reclose to the customer's bus.  During that time period of separation, a generator could lose synchronism and the phase angles of the voltages can "slip" with respect to those of the utility system.  The result can be excessive voltages across the open line-to-load side primary contacts, as well as reclosing inrush currents, that can damage the protectors, stress the transformer as well as the generator.  Like any piece of electrical equipment, the network protector has certain ratings.  In order to assure that the installation of generation will neither affect the continuity of service to others, nor cause safety concerns to employees and the general public.  The following are some of the issues that must be addressed:





1) Transient recovery voltage - Should the network protector open while generation is in service with the voltage across the contacts must be calculated and demonstrated to be below the rating that a network protector can withstand. This would apply to the magnitude of the voltage as well as its rate of rise. 





2) Interrupting duty - The addition of generation to the building will cause an increase in fault currents.  This increase may cause both momentary and interrupting ratings to be exceeded.





3) Closing out of phase - As well as interrupting faults on the 13.8kV side of the network transformer, the network protector will automatically close when voltage and phase angle conditions are favorable to allow power to flow into the network.  This is not intended to be an auto synchronizing or synchroverifer functions. 





4) Transient over voltages on 480V bus – The network protector and associated transformer secondary and collector bus is a 600V class piece of equipment.  Any switching transients must be considered with the insulation characteristics.





Network protectors have not been tested to operate as a switching device for generators.  Furthermore, the protectors do not have any means to insure that they reclose with corresponding contact voltages in amplitude and phase synchronism.  Utilities have an obligation to customers who have chosen to not explore alternative sources of power to not degrade the level for which a system was originally designed.





Note, IEEE's C37.108 (Guide for the Protection of Network Transformers) states the safety issues associated with the network protector and parallel generation.  See Section 9 of IEEE's C37.108 for details.  











Problem Results:





If the protector limitations discussed above went unchecked an arcing or bolted failure can result starting within the protector.  It is well known that 480 volt arcing faults can sustain for long periods of time before the protective fuses clear the fault.  This type of  fault  (Arcing) can result in long customer outages and cause extensive damage to the network collector bus, service bus and the network protectors.  Also, an arcing fault can result in spilled transformer dielectric fluid and potentially large amounts of smoke.   In summary unproven distributed generation interconnect with a network system can result in extensive damage and put personnel at risk.
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