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Ractic st Expected DER/Inverter Based Resource(IBR) Impacts

NATIONAL LABCRATORY

1. “Generators that use inverters to interface to the grid ... can only
supply relatively small amounts of short circuit current. Typically,
Inverter short circuit current is limited to a range of 1.1 to 1.4 per
unit. As the penetration levels of these generators increases and
displaces conventional synchronous generation, the available short
circuit current on the system will decrease. This may make it
more difficult to detect and clear system faults. “

2. “...as DER displaces synchronous generation, there may be times
when there is insufficient system inertia and primary frequency
response to arrest frequency decline and stabilize the system
frequency following a contingency.”

(emphasis added)

From “Potential Bulk System Reliability Impacts of Distributed Resources”, NERC, August 2011



X7 Impact 1: How Much Short Circuit Current Is
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For the most effective use of an inverse-time relay char-
acteristic, its pickup should be chosen so that the relay will
be operating on the most inverse part of its time curve over
the range of values of current for which the relay must op-
erate. In other words, the minimum value of current for
which the relay must operate should be at least 1.5 times
pickup, but not very much more.

Detecting and discriminating between load and fault current
(Amps) does not require 6X-10X fault current associated
with larger synchronous generators.

There are alos major stress on power delivery equipment,
e.g. transformers, when carrying 6X-10X spikes in current.
From “Distribution System Feeder Overcurrent Protection”, GET-6450, GE



’*‘7/ Impact 1: Short Circuit Current Delivery from ESS, 2X+7?
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Cell Dimensions 026x 65 mm
Cell Weight 76g
Examp le of b attery Cell Capacity (nominal/minimum) (0.5C Rate) 2.5/2.4 Ah
pro duct that Voltage (nominal) 3.3V
can deliver >2X short Internal Impedance (1kHz AC typical) 6mQ
term current: Power* 2600 W/kg
120A/50A Recommended Standard Charge Method 2.5At0 3.6V CCCV, 60 min
10A to 3.6V CC, 12 min
. — Whatis a PV array,s short Maximum Continuous Discharge
circuit current capability” Gt P Dl Tend)
Cycle Life at 20A Discharge, T00 T DO 51,000 cycles

Source, A123Systems,
https://al23batteries.com/product images/uploaded images/26650.pdf
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Circa 2005

Circa 2019

(S a1C f@f) Full SiC Grid Interactive Inverter Design

\ Silicon SOA Full SiC Design
Size/Density/Efficiency 10 -- 100 W/in® 50 -- 500 W/in®
{16 W/in® for module) ( 80 W/in® for module)
. (30% Vol., 20%P)
| Cooling 80°C max. liquid or 25 °C Air | >100°C liquid or 40-50 °C Air

Response Time

10 ms for 5.6 kHz with V and
I loops

50 uS for 100kHz with dead-
beat control

High Temperature Design

Si limits entire system to <
110°C

Partial High-Temperature
design then eventually
complete High-Temperature
design if needed (analog
degradtion)

Overload Capability

100-500 ms

10+ seconds

NEXT GENERATION SI-C INVERTER

What is the ‘state of the art’ for Silicon Carbide (SiC) based inverters?
Do they inherently bring higher short-term current capability?

Source, SatCon, https://www.sandia.gov/ess-ssl/docs/pr conferences/2005/Casey.pdf

Source, McLaren, https://www.mclaren.com/appliedtechnologies/case-study/silicon-carbide-inverter/



https://www.sandia.gov/ess-ssl/docs/pr_conferences/2005/Casey.pdf
https://www.mclaren.com/appliedtechnologies/case-study/silicon-carbide-inverter/

~ Impact 2: IBR Loss & Frequency Deviation,
e Early Recorded Event, Blue Cut Fire, Western
Northwest Interconnect, 8/16/16
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Inadvertent loss of 1200MW PV directly and measurably impacted Western US frequency.
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IBR = Inverter Based Resource, PV and ES DER are typically IBR’s
Source - NERC
http://www.nerc.com/pa/rrm/ea/Pages/1200-MW-Fault-Induced-Solar-Photovoltaic-Resource-Interruption-Disturbance-Report.aspx
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% Impact 2: An Industry Response, a New Reliability
Northwest Guideline from NERC
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P
1,200 MW Fault Induced

Solar Photovoltaic

e

Reliability Guideline

BPS-Connected Inverter-Based Resource
Performance

Resource Interruption
Disturbance Report

Southern California 8/16/2016 Event September 2018

June 2017

RELIABILITY | ACCOUNTABILITY RELIABILITY | ACCOUNTABILITY

3353 Peachtree Road NE

Suite 600, North Tower

Atfanta, GA 30326
A04-446-2560 | www . nerc.com

3353 Peachtres Road NE
Suite 600, North Tower

Atlanta, GA 30326
404-446-2560 | www.nerc.com

Source - NERC
See https://www.nerc.com/comm/OC Reliability Guidelines DL/Inverter-Based Resource Performance Guideline.pdf



https://www.nerc.com/comm/OC_Reliability_Guidelines_DL/Inverter-Based_Resource_Performance_Guideline.pdf
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Pacific Impact 2: Chino BESS, Early Solution Based on ESS

Northwest
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Successfully demo’d BESS power (MW)
modulated proportionally relative to
power system frequency deviations, to
Improve frequency oscillation damping.

SCE procured an ESPSS system from GE and
installed it on the Chino BESS in December, 1994. SCE
developed specifications for special filtering bandwidth that
would allow the ESPSS to respond to frequency deviations
in the range of 0.3-0.7 Hz. Based on these specifications
GE modified their existing PSS system to meet our needs.
SCE conducted field tests and monitoring the effective
performance of the ESPSS in regulating the power output of
the batteries to provide damping to the 0.3 and 0.7 Hz
power system oscillation modes.

Source, Southern California Edison
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Figure 3. Equivalent Mass - Spring representation of
the WSCC system.
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pacific  IMmpact 2. Next Generation Solution Based on ESS
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‘ Why are we concerned? L
Power systems are susceptible to low frequency oscillations caused by
generators separated by long transmission lines that oscillate against each
other
These oscillations are not as well damped as higher trequency “local”
oscillations
High penetration of renewable generation can impact mode shape and
damping — potential reduction in reliability
August 10. 1996 Western Power System Breakup
Power (MW) California-Oregon Intertic
1996 breakup q 15:42:03 §.44.5
1400- 15:47:36

caused by low- B

frequency L 0.25 Hz

oscillations 12007

1100 . -
38:30 40:15 42:00 43:45 45:30 47:15 49:00
Time in minutes from 13:00:00

Source, R. Byrne, Sandia National Laboratory

The same power
oscillation risk exists
today in the Western U.S.
Interconnect, as were
addressed by the Chino
ES-PSS.

In general, sub-
synchronous resonance
risk is common to
synchronized AC power
systems.



”?7/ Impact 2: Next Generation Solution Based on ESS
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Northwest (CONtinued)
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‘ Distributed Control of Energy Storage » Chino worked technically,
H J J
Robust to single points of failure “’r\ _advances since the ’80’s
Controllabiity of multiple modes A conrg o include:
e et rlind [ tenconm " achonite 1) Open standard high
t s . 50 . . . .
1@/ ocation o asu1ges1tenqtas N ® resolution monltorlng via
critical as more energy storage 1s :
deployed on grid synchrophasor tech
With 10s of sites engaged, single site 2) Su perior perform Ing
power rating = 1 MW can provide and more cost effective
. , - Wyomi .
S R | R battery and inverter tech
Control signal 1s energy neutral and N d 3) Poli cy advancements
short 1n time duration - storage sites °°'°"$’ h f ES
can perform other applications that o pen aCCeS-S or J
: and also monetize
NewiMexion delivery of (multiple) ES-
based services
3015\6,w o 4 100n W
120 W 110 W

Source, R. Byrne, Sandia National Laboratory 10



Pa;fiﬁc ‘Smart’ ES Applications — from California’s ES

Northwest Procurement Mandate

Category Storage “End Use”

ISO/Market *

Frequency regulatig

But, performance and
reliability standards need
to evolve, to enable
prudent use of grid-

VER * Intermittent resource integration: wind (ramp/voltage support) - —_—
Generation « Intermittent resource integration: photovoltaic (time shift, voltage.sag, support) Su p p ortive c ap ab | I Iities
*_Supply firming from modern ESS
Transmission/ + Peak shaving: off-to-on peak energy shifting
ZPUE = « Transmission peak capacity support (u .
Distribution « Transmission operation (short duration ertia, syst jabili Modern = intero per able
« Transmission congestion relief ;
R i e s systems that include
« Distribution operation (Voltage Support/VAR Support) smart inverter

« Qutage mitigation: micro-grid
Customer + Time-of-use /demand charge bill management (load shif

« Power quality
+ Peak shaving (demand response), Back-up powe

functionality

Source(table): CPUC Staff, AB2514 workshop, 3/25/2013
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IEEE 1547-2018 Scope and Purpose

Pacific
Northwest  Title: Standard for Interconnection and Interoperability of Distributed Energy Resources with
Associated Electric Power Systems Interfaces
Scope: This standard establishes criteria and requirements for interconnection of distributed
energy resources (DER) with electric power systems (EPS), and associated interfaces.
&o@}% Interconnection System
> QQ . A
L2 N I | :
6\0 Qi\@ Distributed c cati nterf I Electric
(\9 @\Q} %6 Energy |.__9_rr_1£n_L_J.n|ca lons interface : Power
6\6\0 o & Resource | | System
O Q}‘\O I Power interface
. —
O NS (DER) I _ (Area EPS)
‘\O 6OQ O\e (bo 1 __________
172} \Q \((\Q
. ‘\\(b,'QO(\
) éoQ Purpose: This document provides a uniform standard for Interconnection system: The collection of all
(s the interconnection and interoperability of distributed interconnection equipment and functions, taken

energy resources (DER) with electric power systems
(EPS). It provides requirements relevant to the
interconnection and interoperability performance,
operation, and testing, and, safety, maintenance and
security considerations.

Source: IEEE P1547 Working Group

as a group, used to interconnect DERs to an
area EPS. Note: In addition to the power
interface, DERs should have a communications
interface.

Interface: A logical interconnection from one
entity to another that supports one or more data
flows implemented with one or more data links.

12



> |EEE 1547-2018 Strikes a New Balance
Northwest

NATIONAL LABCRATORY

 |[EEE 1547-2018 mandates BOTH:;

« Tripping requirements, and
* Ride-through requirements

* Ride-through is not a “setting”, it is a minimum
capability of the DER
» “shall ride through for at least ... seconds”

* l.e., itis the minimum required DER robustness to
withstand voltage and frequency disturbances

« May or may not be fully utilized, or it may be exceeded

 Trip thresholds and clearing times are maximum
operational settings
» “shall trip at latest by ... seconds”

« May differ from default settings and are adjustable over a
‘range of allowable settings’

« Specified ranges do not allow DER tripping to seriously
compromise bulk power system reliability

« Tripping points specified by the distribution utility may
account for utility-specific practices but may also be
constrained by the regional reliability coordinator

Source: IEEE P1547 Working Group

13
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Pacific
Northwest

NATIONAL LABCRATCORY

IKEEE 1547

* Voltage Regulation
» Ride-through
* Interoperability

Islanding

~

Interconnection
System and Test
Requirements

Local interconnection processes and procedures

mEEE 1547.1

Conformance
Test Procedures

« Utility interactive
tests

* Islanding
* Reconnection

+ O/U Voltage
and Frequency

* Synchronization
» DC injection

"

UL 1741

Interconnection
Equipment Safety,
Performance
Certification

* 1547.1 Tests

* Protection against
risks of injury
to persons

+ Specific tests for various
technologies

IEEE 1547-2018 Used By Reference in the U.S.

/NFPA7O (NEC \
2020 Edition)

Installation Code
* 690,691 Solar PV

* 692 Fuel Cells

* 694 Wind Turbines

» 700-702 Emergency /
Standby Systems

e 705 Interconnected Power
Production Sources

» 706 Energy Storage
Systems

* 710 Stand alone or Islanded
* UL3001 Systems

(NEC info. Based on NEC 2018 First Revision)

N /

Source: IEEE P1547 Working Group

14



7" New IEEE ‘PAR’ Project:
Pacific st Write Guide for ES-DER Interconnection
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1.1 Project Number: P1547.9

1.2 Type of Document: Guide
1.3 Life Cycle: Full Use

2.1 Title: IEEE 1547.9 Guide for Interconnection of Energy Storage Distributed Energy Resources with Power
Systems

5.2 Scope: This Guide provides information on and examples of how to apply the IEEE Std 1547, for the
interconnection of Energy Storage Distributed Energy Resources (DER ES). Scope mcludes DER ES connected to
area Electric Power Systems (local EPSs) that are capable of bidirectional real and reactive power flow. and are
capable of exporting real power to the EPS. Guidance 1s also provided for non-exporting DER ES, such as UPS
type systems that support onsite loads. or EV chargers, with charging attributes that could have power system
umpacts. e.g. modulating rate of charge proportionally to system frequency.

First P1547.9 Working Group was held at NERC, February 2019.
Please use IEEE MyProject to ID your interest in this WG.
Or, contact Charlie.Vartanian@pnnl.gov

Source: IEEE P1547.9 Working Group

15
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L4 Summary and a Challenge
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* As DER penetration increases, the amount of traditional rotating generation
decreases. Two results are 1) relatively less system-supplied fault current
and 2) relatively less rotating inertia ‘H MW-S within power systems

* Inverter connected BESS have unique operating characteristics that could
be designed and deployed to mitigate the DER impacts discussed. These
BESS characteristics should also be considered when developing and
updating grid-facing ESS performance and reliability standards

* One challenge is determining the appropriate incentive mechanisms to
prompt use of ESS that provide fault current and/or inertia equivalent. Are
these best incented as competitive ‘market’ services supplied by IPP’s, or
planned and supplied as part of core services by regulated T&D utilities? Or,
required as conditions of interconnection approval, e.g. FERC Order 842 for

primary frequency response? see, https://www.ferc.gov/media/news-releases/2018/2018-1/02-15-
18-E-2.asp#.XGrsfa9Dvjo

16
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