Simplified Interconnection Process

for

 Induction Generators
The induction generator has electrical characteristics considerably different than inverters and synchronous generators.  It is electrically harmless in conjunction with the typical utility concerns.  

The small induction generator (75 kW up to 300 kW) should be interconnected via the simplified process.  It is obvious that they pass the screens and have been treated thus far for many years by the Massachusetts utilities on a “simplified basis”.   The point of this collaborative has been to reduce the obstacles to distributed generation interconnection in Massachusetts, however we appear to be working against our goals in regards to induction generators.

It would be beneficial to all concerned to get induction generators out of the queues and utility processes related to larger synchronous systems.

The following summarizes the screen tests and other factors relevant to the 10 kW inverter and the induction generator:

	
	Inverter
	Induction Generator

	Power Quality
	Characteristic of Synchronous generator
	Utility controls both voltage and frequency by providing magnetizing field

Always in synch with utility power

	Harmonics
	Creates harmonics
	Does not create harmonics

	Energizing Dead Line
	Has potential to energize

Requires accessible disconnect
	Impossible to energize because there is no voltage for magnetization and fuel and ignition relays

Impossible to start—does not require accessible disconnects

	Screen 2 & 3
	Needs certification to be qualified
	Tecogen, for example, is certified in NY with IEEE 1547 (voltage & frequency)—also ETL certified to voltage surge C37.90.1 and electromagnetic radiation C37.90.2

Any induction machine with Basler or comparable voltage and frequency relay can be qualified

	Screen 4
	Yes
	Up to 300 kW is well under the 5% limit

Equipment installed in commercial facilities is always 13+ kV with a load of several hundred kWs per 75 kW output

>150 kW with its own transformer

nothing under 60 kW is even promoted 

	Start Voltage Drop
	
	N/A

Battery/starter motor

Small magnetizing field inrush

	Fault
	Can contribute
	N/A—cannot feed a fault  

	Screen 8
	N/A
	N/A

	Islanding
	Possible
	Not possible due to loss of utility supplied magnetic field (see self excitation theory section below)


Self Excitation:

In the real world, there is no reported incident of self excitation because:

· Induction generators cannot control voltage and frequency--destabilizes and relay protection engages

· Requires unity power factor of the total island (load and generator) and must exactly meet machine output---probability approaches infinity.  

· Could only occur with that customer since customer load might possibly match machine output.  However, this requires simultaneous break on either side of the customer’s service drop at 2 points of the line section

The “theory” of self excitation poses five scenarios, which assume that the loads include a set of power-factor correction capacitors:

· With unity power factor for the island, if the loads on the generator are greater than the capacity of the generator’s prime mover, the generator will shut down on an under-frequency alarm.  This is the most likely scenario.

· With unity power factor for the island, if the loads are less than the generator’s kW output, the machine will speed up in order to meet it’s setpoint and will shut down on an over-frequency or over-speed alarm.

· If the loads match exactly, but the KVAR requirement is too high for the capacitors, the machine will shut down from lack of excitation.  The induction generator only provides kilowatts and no KVARs.

· If the loads match exactly, but the KVAR requirement is too low for the capacitors, the voltage will increase to meet it’s setpoint and shut down on a high voltage alarm

· If the loads exactly match and the capacitor loads match exactly, then self excitation could occur, but both sets of loads would have to remain constant continuously.  Slight variation in power output or slight load change will destabilize this highly theoretical condition causing protective relays to disengage the machine. 

The probability of any of the above conditions occurring approaches infinity, which is why there are no reported incidents.  Even with large utility capacitor banks upstream of the generator, the power factor is less than unity for the downstream loads, since the utility does not want to cause leading power factor to the customer.  Likewise on loss of power, switched capacitors would open.
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