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e Installed prices for distributed PV installations fell by at least 11 percent in 2013 and have fallen by 44
percent since 2009. The prices of some individual system components, especially modules, have fallen even
more. Lower prices increase consumer demand for solar installations.

e California was the most important market in 2013. Fifty-seven percent of U.S. capacity installed in 2013
occurred in the Golden State, and the capacity installed during 2013 was 161 percent greater than what was
Installed in 2012

 Residential capacity installed in 2013 grew by 68 percent in the U.S., fueled by the increasing use of
leases and third-party ownership of these systems. Over 145,000 residential PV systems were installed
during the year.

o Utility sector capacity installed grew by 47 percent. Ten PV installations, each larger than 100 MWDC,
were completed in 2013.

« Hawaili had the highest per capita installed capacity of PV systems. More than 75 percent of grid-
connected PV system capacity installed in 2013 was concentrated in California, Arizona and North
Carolina.
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e Distribution System — IEEE 1547 A Bulk Power System — NERC Domain

Domain A Distributed generation capacity is
* Bulk generation and voltage too small — who cares!
support is “infinite” —who A Main concern is maintaining
Cargsl _ _ frequency and local voltage (grid
* Main concern Is protection security) during and after
coordination, power quality, and transmission system events

safety during and after
distribution system events

e DG must trip outside specified
voltage vs. time and frequency
vs. time envelope

As DG penetration increases, these opposing points of
view must be reconciled.

A Generators must not trip inside
specified voltage vs. time and
frequency vs. time envelope

§ IRE Interstate R ble Energy Council




Rather than VRT and FRT provisions, the existing IEEE
Standard 1547 contains “must-trip” provisions for off-
nominal voltage and frequency that raise the possibility
of compounding transmission contingencies with
sympathetic loss of significant amounts of distributed

generation.
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Support anti-islanding to trip off under extended anomalous conditions,
coordinated with the following functions.

Provid
Provid

Provid

e ride-through of low/high voltage excursions beyond normal limits.
e ride-through of low/high frequency excursions beyond normal limits.
e volt/var control through dynamic reactive power injection through

autonomous responses to local voltage measurements.

Define default and emergency ramp rates as well as high and low limits.
Provide reactive power by a fixed power factor.

Reconnect by “soft-start” methods (e.g. ramping and/or random time within a
window).
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Voltage IEEE 1547 vs. NERC PRC-024
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Frequency (Hz)

LC1

HMN1
Must Disconnect
HMN2 HMM 2
: HMS.
HC1 HMN4
@ HC2
RemainingConnected or Disconnecting is Allowed
HC3
ECPNomHz HC4
Must Remain Connected e
LCS
Remaining Connected or Disconnecting is Allowed
LC3 LCa OO
LM14 LIS
LM
L2
LC2
Must Disconnect
LM Event Duration
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Proposed VoltageRide-Through Default Values

Table 1: Default Rule 21 voltage ride-through voltage-time values

L fem Woltage Level Miultiplier Stay Connected L voltage Level WMiultiplier Disconnect b
of MNominal Voltage Until ! of MNominal WVoltage ' < ¥
C ol =1.2 = 0.16 sec.
c 1.09-1.17 12 sec. o 1.1 - 1.2 13 sec.
D t
0.92-1.09 Indefinite o.88 — 1.1 e ne
disconnect
o O. 7 —0.92 20 sec. a o6 —0.88 21 sec.
o] o.5 — 0.7 10 sec. a 0,445 — 0.6 11 sec.
1.0 sec. (range
b O — 0.5 between O0.16 to a O —0.45 2.5 sec.
2.0 sec.)
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Figure 1: Graph of default voltage ride-through settings (see table for actual settings)
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. i Ride-Through Operating
CenditienRegion .
Voltage {pu) Until Mode
M nt
HV1 1.09-1.17 12 sec. omentary
Cessation
o Continuous
NN 0.92 -1.09 Indefinite .
Operation
Mandat
LV1 0.7 - 0.92 20 sec. andatory
Operation
Mandatory
L\V2 0.5-0.7 10 sec. ,
Operation
V3 0-0.5 1 sec Momentary
Cessation
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New Lexicon

Trip: Cease to energize or disconnect from the Area EPS due to an Area EPS disturbance. Following a trip, the I-
DER must delay re-energization or reconnection for a preset period of time once the voltage and frequency of the
Area EPS are within normal ranges (voltage within ANSI C84.1-1995 Table 1 Range B and frequency within 59.3 Hz
to 60.5 Hz).

Momentary cessationThe I-DER momentarily ceases to energize the Area EPS. The I-DER is allowed to re-
energize the Area EPS without any intentional reconnection delay once voltage exits the momentary cessation
region and enters a permissive operation region or continuous operation region.

Permissive operationThe I-DER is allowed, but not required, to operate at any current level.

Continuous operationThe I-DER operates indefinitely at full available current without tripping. Any functions

that protect the I-DER from damage may operate as needed. Any functions that reduce current availability may
operate as necessary.

Nominal Standard frequency and voltage

Mandatory operation the I-DER operates at full available current without tripping during Area EPS disturbances
outside the region of continuous operation. Any functions that reduce current availability may operate as

necessary.
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Thank You!




