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Defining Advanced Inverter

• The context

— Total installed capacity of PV and ESS is
growing fast

— Large growth expected in distribution systems

• The problem

— Because the grid is slow to evolve, we
encounter technical challenges with
voltage/frequency regulation, protection, etc.

— Unless mitigated, these challenges will make it
increasingly difficult and costly to continue
integrating renewable energy

• Advanced inverters are a big part of
the solution

— Actively support voltage and frequency by
modulating output

— Have high tolerance to grid disturbances

— Interact with the system via
communications
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...Faster than a tap changer

...More powerful than a
rotating machine

...Able to leap deep voltage
sags in a single bound
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Voltage Support

• Adjust Power Factor (INV3)
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Frequency Support

Adjust Maximum Active Power (INV2)

I r—

 > t

• Request Active Power from Storage
(INV4)
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Signal for Charge/Discharge (INV5)
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• Frequency-Watt Mode (FW21, FW22)

Grid Protection
(Response to Disturbances)

Connect/Disconnect (INV1)

Low and High Voltage Ride
Through (L/HVRT)
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Importance of SIRFN Collaboration

• SIRFN collaboration is helping accelerate the
deployment of renewable energy around the
world

Urgency in U.S. to certify inverters for new
requirements — both electrical performance and
communications
• Need advanced inverter test protocols for CPUC

Electric Rule 21

• Sandia protocols acted as basis for updates to UL 1741

— Goal: develop a robust consensus certification
procedure for advanced inverter functions for
adoption by international standards organizations
• Laboratories around the world are collaborating to

create certification protocols for interoperability and
grid-support functions.

• Collaboration is creating both the draft test standards
as well as the common testing platform for certification.
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SIRFN Certification Test Procedure Development

Fag

Canni ENERGY

Natval Resosces
• Canada

O SUCISPEC
,,RXCE

Sandia •
National topkz.
Laboratories

siRFNi;1
11111°..If

zh
aw

— Typhoon HIL

4.P1*

111.
tecnalia I

CLEAN r,VGY
Enersoiljrnogy

USE

KER/



Advanced Inverter Certification Protocol Timeline: SIRFN
Research Parallels and Supports Standards Development

2014: Sandia, AIT, 2015: SVP and
and Tecnalia write basic certification

SIRFN Test EU PVSEC paper scripts for IEC
on initial test 61850-90-7 releasedProtocol Research I protocols results [2]. I to SIRFN labs.

2016: Working with
the STP, Sandia
helps create test

I
procedures for UL
1741 SA.

2017: AIT and Sandia
demonstrate the ability to
test CHIL equipment with
the SVP to portions of UL
1741 SA [5-6].

2018: Regular SIRFN
contributions to the
GitHub SVP codebase
expands the SVP
scripts and drivers.

2012: SIRFN
starts to support
development of
testing protocols
for advanced
interoperability
DER functions.

United States
Standards
Development

2013: Sandia
publishes set of
test protocols for
the IEC 61850-90-7
advanced DER
functions [1].

2008-2012: Sandia's Solar
Energy Grid Integration
Systems (SEGIS) program
demonstrates advanced
inverter controls and
communication capabilities.

2014-2015: Sandia I 2015: RSE, I 2016: SIRFN I
part icipates in CPUC Sandia, AIT, and creates first draft of
Smart Inverter Working FREA publish the BESS
Group to establish results from the interoperability
recommendations for BESS certification testing protocols [4].
Electric Rule 21 DER experiments [3].
requirements.

2011: EPRI publishes
1st edition of
"Common Functions
for Smart Inverters"
describing a set of
advanced inverter
functions.

*IEEE 2014: IEEE 1547a
allows inverters to
participate in
voltage and
frequency
regulation with grid
operator approval.

2018: The SVP, test
scripts, and energy lab
drivers are open-
sourced and put on
GitHub for more direct
collaboration [7].

2016: UL
1741 SA
published
with test
protocols for
CA Rule 21
functions.

*IEEE

 ►
2018: 11 SIRFN labs
co-author a paper
describing the
advantages of
collaborating to
develop a common
test platform [8].

2018: IEEE 1547 US
Interconnection Std. updated
to require communications
and multiple advanced grid-
support functions. Test
requirements begin to be
drafted.

I EC
Feb 2013: IEC 61850-90-7
standardizes information models
for advanced inverter functions.
Similar models are later created
for IEEE 2030.5, SunSpec
Modbus, and DNP3.

2016: California Electric
Rule 21 requires 7
autonomous functions.
Requirements for
communications appear in
Rule 21 Phase 2
requirements.

 ►
2018: Information models for
the IEEE 1547 functions are
developed for IEEE 1815
(DNP3), IEEE 2030.5 (SEP2),
and SunSpec Modbus.
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Example: Sandia and KERI Test-Bed Hardware
Comparison

• Both Sandia and KERI have built
advanced inverter test-beds. These
facilities are running inverter tests in
parallel using the same software
platform.

Utility Management
System Simulator

Translator

PV Simulator

Modbus
Registers

Equipment
Under Test
(Inverter)

Utility Grid Simulator

Data Acquisition
System

• Differences in testing hardware
demonstrate the robustness of the
testing protocols.

PV Simulator
Power: 200 kW
Voltage: 0-1000 V
Current: 10 A/outpu

PV Simulator
Power: 10 kW
Voltage: 0-500 Vde
Current: 50 A

Inverter: European Partner
Power: 3 kW
Communications: Modbus, RS-485,
SunSpec

Inverter: Korean Partner
Power: 3 kW
Communications: Modbus, RS-
485, SEP 2.0

Crid Simulator
Power: 180 kVA
Voltage: 480 V 30
Current: 250 A/Phase

Grid Simulator
Power: 10 kVA
Voltage: 380 VL-L
30, 4-wire



SunSpec Alliance Tools

• Dashboard
• Reads DER SunSpec models
• Simple read/write

functionality
• Free for SunSpec members
• Download here:

http://sunspec.org/sunspec-dashboard/ 
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• System Validation Platform
• Scripting capabilities
• Full automation with results

processing
• Open-sourced
• Download executable here:

http://sunspec.org/sunspec-svp/ 

CAUser.elltleciDocumentsiieyl.5.155511.17...

MI Face pewee Fseleir

e 11.e.
II 0131741V.ar

Te.
II Freed PF

IM

M TinetT PF Ass
Tes13.PF .30025

512112Eal
M Tea PF s0.033

I 00 Se. Sinsula.

ID Volt.

sulpts
Disable jundkens

M Fixed PF

▪ ve,,,

▪ confieureArksim

t

t

t Results

0:511sers....uments I 33.0 See13.0eill

SiTI.

▪ von

TM ME

0103

w

D conlgure_groksim

M Test 4, PF = 0

Stripe Reed PF

0.1.0
COW

1.0
DC ...Nage..., 00 • FASAVdc ia

Dri3 Timing and P./. earmelers

0.C6

19.2168.0167
EF150530 5131, Power 300 3000.0
FFI50530 KAPP Voltage,' 160.0

10

elealieres'a'''

200.0

AcquisitionandTriggening
Create1.01Flieler Sena Lebelew 05131

10 Flode
Nod. Sandie . Used WM DAQ channel 10 7



SIRFN Influence on DER Certification Testing
Requirements

• International collaboration is producing:

- Test protocols for inverters and battery storage systems

- Software tools for evaluating DER equipment to interconnection and
interoperability standards

• SIRFN Test Results for Fixed Power Factor:
Specified Power Factor

---PF Pass/Fall Bound.,

• Phase fik, PF = -0.20

• Phase B, PF = -0.20

• Phase C,PF = -0.20

• Phase A, PF =

• Phase B, PF = -0.60

• Phase C,PF = -0.60

• Phase A, PF = 0.60

• Phax B, PF = 0.60

• Phase C,PF = 0.60

• Phase A, PF = 0.20

• Phase B, PF = 0.20

• Phase C,PF = 0.20
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----PF Pass/Fail Boundary

• Phase A, Pr = -0.20

• Phase B, PF = -0.20

• Phase C,PF = -0.20

• Phase A, PF = -0.60

• Phase B, PF =

• Phase C, PF = -0.60

• Phase A, PF = 0.60

• Phase B, PF = 0.60

• PhaseC,PF=0.60

• Phase A, PF = 0.20

• Phase B, PF = 0.20

• Phase C,PF = 0.20
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---PF Pass/Fail Bounds

• Phase A, PF = 0.85

• Phase A, PF = 0.925

• Phase A, PF = -0.925

• Phase PF = -0.85

PF target

---PF Pass/Fail BOundary

• Phase P., PF = -0.85

• Phase B, PF = -0.85

• Phase C,PF = -0.85

• Phase A, PF = -0.925

• Phase B, PF = -0.925

• Phase C,PF = -0.925

• Phase A, PF = 0.925

• Phase B, PF = 0.925

• Phase C,PF = 0.925

• Phase A, PF = 0.85

• Phase B, PF = 0.85

• Phase C,PF = 0.85
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---PF target

---PF Pass/Fail Bo!

• Phase A, PF = -0 -

• Phase B, PF =

• Phase C, PF = -0

• Phase A, PF = 0 ,

• Phase B, PF = .0.925

• Phase C, PF = -0.925

• Phase A, PF = 0.925

• Phase El, PF = 0.925

• Phase C, PF = 0.925

• Phase PF = 0.85

• Phase 8, PF = 0.85

• Phase C, PF = 0.85

  target

--iFPaas/FailBoundary

• Phase A, PF = -0.85

• Phase% PF = .0.85

• Phase C, PF = -0.85

• Phase A, PF = -0.925

• Phase B, PF =

• Phase C, PF = -0.925

• Phase A, PF = 0.925

• Phase B, PF = 0.925

• Phase C, PF = 0.925

• Phase A, PF = 0.85

• Phase B, PF = 0.85

• Phase C, PF = 0.85
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• Larqe number of permutations in each advanced DER function test
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protocol:

— 75 measurements for draft fixed power factor - takes about 25 minutes with the SVP

— 375 measurements for draft volt/var - takes about 90 minutes with the SVP
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SVP Script Status 
*

U L 1741 SA: https://github.com/sunspec/svp UL1741SA/tree/dev/UL1741%20SA 
— SA8 Anti-islanding Protection (requires waveform capture and processing)
— SA9 L/HVRT Low and High Voltage Ride-Through (requires waveform capture and processing)
— SA10 L/HFRT Low and High Frequency Ride-Through (requires waveform capture and processing)
— SA11 RR — Normal Ramp Rate and SS — Soft-Start Ramp Rate ( itial version)
— SA12 SPF — Specified Power Factor (verified)
— SA13 VoltNAr Mode (Q(V)) (verified)
— SA14 Frequency-Watt (FW) ( Hal versi )
— SA15 Volt-Watt (VW ) (initial version)

Test Protocols for IEC 61850-90-7: [Needs to be updated to latest SVP release]
— INV1 (Connect/disconnect)
— INV2 (Curtail active power)
— INV3 (Fixed power factor)
— VV12 (Volt-var with reactive power priority), \N11, VV13, VV14
— FW (Frequency-Watt)
— VRT (Voltage Ride-Through)

SVP Energy Lab Scripts (driver container): https://github.com/sunspec/svp energy lab/tree/dev 
— Check communications to EUT, DAS, PV simulator, grid simulator, load bank, and battery simulator

General Scripts: https://github.comnayatsandia/svp additional tools/tree/master/Scripts 
— Disable functions
— Check communications to PV and grid simulators
— Simple DER control scripts (adjust PF, P, etc.)
— Configure Ametek grid simulator
— Configure Ametek PV simulator



Status of Laboratory SVP Deployments

Many SIRFN labs are beginning to implemented the SVP to conduct DER experiments.

Laboratory
SVP PV Simulator

Driver

SVP Grid Simulator

Driver
SVP DAS Driver

SVP with

ASGC/Typhoon HIL

Conducted DER Tests

with Hardware or CHIL

✓ (SVP)

✓ (SVP)

✓ (SVP)

SNL, USA ✓ ✓ ✓ ✓

CanmetENERGY, Canada ✓ ✓ ✓

AIT, Austria ✓ ✓ ✓

CSIRO, Australia ✓ ✓ ✓ (SVP)

FREA, AIST, Japan ✓ Planned Planned ✓

✓

✓

Planned

Planned

✓

KERI, Korea Planned Planned Planned

CPRI, India ✓

RSE, Italy

INEEL, Mexico Planned Planned Planned

ZHAW, Switzerland Planned

Tecnalia, Spain Planned Planned Planned
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• Documentation
— The SVP, scripts, abstraction layers, and drivers are poorly (i.e., not) documented and

commented
— Need to have simulated equipment (DAS, PV, Grid) for those without equipment — this is

started but incomplete
— Documents explaining how to work with abstraction layers and write drivers are needed

• Scripts need to be completed for:
— UL 1741 SA
— IEEE 1547.1
— SNL IEC 61850-90-7 protocols
— SIRFN BESS protocols
— European, Asian, other grid codes

• New drivers are needed for many of the laboratories
— Major work is still needed to capture and process waveforms for anti-islanding

and FRT/VRT tests.

• Automated results generation and processing required for scripts
— Need to define common results format for all tests/scripts
— Would like to have results in .csv and .xlsx files
— Final PDF results processing is desired
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D E R advanced functions help support the electricity grid

- Standardized test methods for verifying D E R functionality
and interoperability are critical.

- SIRFN members are improving certification protocols by:

— Building test-beds for advanced inverter testing (electrical
performance and interoperability).

— Comparing advanced DER test results and improving draft
certification protocols.

— Recommending improvements to national and international codes
and standards.

• Progress:

— Test script and SVP driver development is active on GitHub.

— SVP deployments at each of the SIRFN labs are in process.

— Significant international collaboration in this research space is
expected for years to come!


