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UNIFI is pronounced the same as unify

wnifi

consortium

Future power systems with any mix of machines
and IBRs at any scale that are affordable,
secure, reliable, clean, and resilient Vision
Forum to address fundamental challenges in
seamless integration of grid-forming (GFM)
technologies into power systems of the future

Purpose

Conduct research and development, demo
concepts at scale, author best practices and
standards, train next-generation workforce g,

IBRs = inverter-based resources

universal interoperability
for grid-forming inverters
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Future power systems with any mix of machines
and IBRs at any scale that are affordable,
secure, reliable, clean, and resilient Vision
Forum to address fundamental challenges in
seamless integration of grid-forming (GFM)
technologies into power systems of the future

Purpose

Conduct research and development, demo
concepts at scale, author best practices and
standards, train next-generation workforce g,

IBRs = inverter-based resources

wnifi

universal interoperability

for grid-forming inverters

The most critical problem to solve to enable very
high levels of wind/solar/batteries in power grids
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Global Landscape

Research Roadmap on ‘ High Penetration of Power Electronic

Grid-F . 1 rt Interfaced Power Sources and the Potential
ria-rorming Inverters Contribution of Grid Forming Converters

Technical Report

Grid codes and roadmaps around the world
recognize the role of grid-forming (GFM) inverter-
based resources (IBRs)

Challenges

= Poor definitions of capability and
functionality across technologies; lack
of standardization

= Limited-to-no consensus on expected
performance from unit and system
levels

= \Vendors/Manufacturers and
Utilities/Operators appear to be locked
in circular death spirals

Solutions

Yashen Lin' Joseph H. Eto,” Brian B. Johnson,?
JackD. icke( Robeﬂl»LLasseer Hugo N\flleg s Pico,
Gab-Su Seo,’ Brian J. Pierre,* and Abraham Ellis*

Application of Advanced

Grid-scale Inveriers in he NEM = Validate through models, controls,

= Standardize Requirements

With editing and support from Hariharan Krishnaswami®,
Jeremiah Miller®, and Guohui Yuan®

"National Renewobie Energy Loboratory
Aomwrence Berketey National Laboratory

August 2021

testing, demonstrations at scale
=== ®m Educate the industry

White Paper

4 A o i ities e N:
SolarPower T&Du‘ e Wind en t S o@ An Enginsering Framework repor: on design capabilities needed for the future Naticnal



https://aemo.com.au/-/media/files/initiatives/engineering-framework/2021/application-of-advanced-grid-scale-inverters-in-the-nem.pdf
https://www.nrel.gov/docs/fy21osti/73476.pdf
https://strathprints.strath.ac.uk/72581/1/ENTSO_E_2020_High_Penetration_of_Power_Electronic_Interfaced_Power_Sources.pdf

What is UNIFI ?

The UNIFI Consortium is a forum to address
fundamental challenges in the seamless
integration of grid-forming (GFM) inverter-
based resources (IBR) into power systems of
the future.

2R

research &
development

i

—— ]
demonstration &
commercialization

o

000

Bringing the industry together to unify the
integration and operation of inverter-based
resources and synchronous machines

Three major focuses: S
® Research & Development future grids with GFM IBRs (124,24, b4 )
® Demonstration & Commercialization ®© ©6 00 0 O
® Qutreach & Training

i i _ i i (e
DOE is funding a 5 Year frgaa Start,ed n stakeholders: academia, industry, labs, outreach &
January 2022. Idea is to create a sustainable utilities, operators training

organization through memberships.




Envisioned System Architecture system-level

advances

® GFM technologies: individual GFM IBRs, plants or [ aggregation {—b \
L] .H -
aggregations . operator
>
. . . . . e olant ; f L
® GFM unit-level functionality includes vendor-specific T e e—— eor| |, tm;(:)(xi . oltage.
proprietary controls aided by a middle-layer (labelled PQ i}‘;‘_‘lfnh;ftf:;:*
interoperable GFM controls) that translates system- biases frequency, [
level control objectives voltage, balancing area
headroom L T .
=10
® Exchange standardized signals through suitable signal 1/0 il

EEEN EEEE
interoperable Emam [mmms

GFM controls

ST 55

interface (signal 1/0) in a cyber-secure manner with
the system operator to regulate frequency &
voltages via secondary control, and manage

operations (e.g., black-start) PWM + power stage {}
@® Distributed optimization and control algorithms
ithi i i (t9)) vendor
W|th|.n and across grid balancing areas may be ot I oatoway
required updates

® Will require both unit-level and system level
advances

unit-level aggregation

advances

GFM = irid-formini inverter IBRs = inverter-based resources



UNIFI Goals

Curate vendor- and technology-agnostic

“UNIFI Specifications” that standardize
performance and benchmark capabilities of GFM
technologies across scales

* System Level - Interoperability Guidelines - that
promote the coordinated and seamless operation of
GFM technologies from multiple vendors while ensuring
stable and reliable power grids

* Inverter Level - Functional Requirements — that
define GFM-IBR capabilities which are specified in a
vendor-agnostic fashion to satisfy all system-level
interoperability guidelines

Convene continuous collaboration between inverter
manufacturers (on one end) and system operators
and utilities (on the other) to bridge gaps between
power-systems and power-electronics industries

Cultivate inclusive culture and leverage member
cooperation for sustained innovation

DpEI’EtOI‘

g

scalable
secondary control

GFM generator GFMV
aggregation plant

interoperable
primary control

PWM + power stage

GFM
aggregation




UNIFI Organizational Structure

UNIFI Leadership Team
ZINREL W Errral

External Scientific Advisory Board ransforming ENERGY DOE Review Board

Internal Leadership Team

PSU Gr (). LA EMISo

Commercialization &

Research & Development :
Demonstration

Outreach and Training

+ Modeling and ESsU + 20MW ()5, WA ComEd| | o ﬂ[
Simulation @ == demonstration  &NREL

== « Workforce e\

. . LiNREL )

Controls AT V7~ IP Management #NREL Development &2

« Hardware YT G + Domestic G e . Communications AN W

o Products
« Integration () e, IE!:I

and Validation#:NREL (4T + Standards EFEI ;:NREL

EEEEEEE

e Events ii NREL =Pl




UNIFI Working Groups (WG)

= UNIFI Specifications " |ntegration and Validation Area
* Defining specifications and « Validation of UNIFI Specifications WG

requirements for GFM e 1MW Multi-vendor Experiment WG

= Modeling and Simulation Area = 20MW Demonstration Area

* GFM Model Development and T
Theoretical Innovations WG * 20MW Demo Specifications WG

 Use Case, Software Testbed, and » Standards Area
Int bilit
Nteroperabiiity  Standards Coordination WG
= Controls Area

* Real-time Control and Dynamic " Education Area
Stability WG * Education WG

 Communication-coordinated Control = Workforce Development Area
and Cybersecurity WG : :
* Seminar Series WG

= Hardware Area e Tutorials WG

* Open-source Code Development and
Experiment Planning & Design WG



UNIFI Members - Project Team
National Labs & Research Institutes

IINREL &

Transforming EMERGY

Sandia
National
Laboratories

Hawaiian

I SOUTHERN CALIFORNIA Eloctric

EDISON == 4

‘ !! H x"e’ — 0 Southern
ENERGY 9'“? M'SO Company

P
. S lowii ComEd
B OPAL-RT S CAISO WPACFICORP 180, mree

Typhoon HIL

E 11." @ Hitachi Energy




Additional Partners

UNIFI is working with a broader spectrum of partners to ensure industry-wide acceptance

Utilities & Consultants

& CenterPoint. A K auati Island
Ener qy Utlllty Cooperatlve

Your Touchst

& NRECA

A\ terabase

Ca; rier
v

& MR? ,'N‘,!E,ﬁ.'?,.ﬂ POW@ rrec h
LECTRANIX

=“| PFGSTech

DYNAPGWER S¢SOLECTRIA A B
Scl&nﬂelder
ectric
=== SIEMENS
oo (SEL) E
TME:C

Vendors

We drive industry
ystem Operators

&> California1ISO WE C C

@"SR e, EICOE

D
D 3
Consortia

pOWERAMERICA

.4.«\._

, (aLoBALPST FREEZ N

CONSORTIUM SYSTEMS CENTER

A

lab o
a ESIG
\/ ENERGY SYSTEMS
INTEGRATION GROUP

\

~ Fraunhofer




Research & Development (R&D) Thrust

s Modeling & Simulation: Develop and
Publish GFM-specific models for use in
power system simulations. Bridge gaps to
HIL.

m Controls: Unit- and system-level to ensure
grid stability and cybersecurity

s Hardware: Anticipate industry needs and
develop open-source prototyping

m Integration & Validation: Conduit to
demonstrations, 1MW experiment at NREL




Modeling & Simulation Area

Snapshot of Innovations:

Interoperability standards and application programming
interfaces (APIs) to allow GFM models to be directly used by
different software vendors

Develop HIL-compatible software models:
B Hybrid between virtual power stage model & controller in
the loop
B Integrated into commercial and open-source simulation
tools

Model interoperability tests on a virtual platform that provides a
secure workspace for tool vendors and a means for utilities to
participate and evaluate solutions

UNIFI has partnerships and collaborations with all commercial
power-system simulation-software vendors that cover
timescales ranging from real-time through micro-/milli-second
simulations:

B EMT simulation (PSCAD, EMTP, HYPERSIM, PLECS)

B Positive-sequence simulation (PSLF, PSS/E, TSAT,

PowerWorld)
B Real-time simulation (Opal-RT and Typhoon HIL)
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Controls Area

Snapshot of Innovations:
® Interoperable GFM primary-control operator
architecture: (‘?_’) H <
B Compatible with generation and storage == -
technologies via vendor-agnostic
middle-layer that translates system-level secoi(éaalf)talc%ntrol GEM ¢
control signals aggregation ¢ m‘ﬁ
B Coordinates energy transfer within hybrid T st g = 0 |
IBR-plants, large-scale PV, and wind
energy conversion systems while
managing IBR-level source-side and
inverter limits

generator

interoperable
primary control

® Scalable secondary-control architecture:

B Generalize area control error (ACE)
beyond frequency (to include, e.g.,
voltage magnitude, phase imbalance)

B Coordinate and prioritize between
different balancing areas while accounting
for IBR limits

GFM
Jplant

PWM + power stage




Integration & Validation Area

Snapshot of Innovations:

® Federate and standardize testing and characterization facilities

across partnering institutions

® Use cases - testing, evaluation, communication protocols -
certification-type testing environment - user facilities for fee

Control Layer
Multiple controller hardware devices
implementing system-level and/or
device-level control schemes

Communication Layer
Communication protocols and
companion devices

scalable

secondary control

in f(x)
T [st gix) 2 0
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Integration & Validation Area
1 MW Experiment — at NREL in Year 3

Create a hardware testbed that all vendors
that follow the UNIFI Specifications for
interoperability should be able to plug and play
with other vendors

Includes various physical sizes (250W-1MW)
Three-phase, single-phase generation & loads
Multiple source-side resources (PV, energy
storage, wind (if possible))

50%, 75%, 90%, and 100% power contribution
from GFM IBRs

Connections to multiple laboratories:
integrated testing and validation approach to
realize multiple 1MW demos




Demonstration & Commercialization (D&C)
Thrust

m 20+MW Demo: Demonstrate UNIFI
specifications at utility scale demo

s IP Management: Identify “Core” IP
needed to meet UNIFI
Specifications

s Domestic Products: position US as
world leader in PV, wind, and
storage

m Standards: Align with standards
cycles to address gaps coving GFM




20+MW Demonstration

Distribution Networks
with high PV integration

distribution network with
a multitude of GFM
inverters across power
levels and manufacturers

¥4

— —

merchant plant
programmed with GFM
control and augmented
with GFM IBRs from
multiple manufacurers

Large-scale Plant
Integration

[Barilla Solar, TX]

controllabili

1 diversity [Oahu, HI]

Examining a range of possible sites that trade off controllability and diversity of resources and IBR size

Also looking for demonstrating much larger than 20MW sizes and at possibly at multiple sites

Demonstrate a full range of GFM services and validate Interoperability Guidelines & Functional Requirements

Would like to examine unique objectives if possible such as energy justice (collocate with underserved communities)



20+MW Demonstration

We are looking for sites that include
some or all of the following:

= a mix of three-phase/single-phase
resources

= 3 mix of GFM IBRs, GFL IBRs, and
machines

= devices that have a wide range of power
ratings (from 250W to MW)

= solutions from multiple vendors a
lurality of source-side energy sources
PV, energy storage, wind)

= plant-level controls and SCADA as
required

= range of load types and sizes
(resistive/inductive, single-/three-phase)

Would like to validate the UNIFI system
interoperability guidelines and
functional requirements

interoperable and scalable primary and
secondary control

frequency and voltage control
power sharing among units
black-start

transient operation during balanced and
unbalanced faults

operations to achieve up to 100% power
contribution from IBRs during medium- and
high-demand periods

Let us know if you have potential demonstration sites



Prior Work

30 MW headroom

Demonstration of Essential
Reliability Services by a 300-MW
Solar Photovoltaic Power Plant

-
-
“
-

Clyde Loutan, Peter Klauer, Sirajul Chowdhury,

and Stephen Hall
California Independent System Operator

MOY

Mahesh Morjaria, Vladimir Chadliev,
Nick Milam, and Christopher Milan
First Solar

Vahan Gevorgian
National Renewable Energy Laboratory

- ek

E o

=% NREL/FirstSolar/CAISO experiment: 300-MW plant following
Automatic Generator Control (AGC) signal
A

O gl
L~ 4”4‘1@‘ | terabase

B G Source: C. Loutan, P. Klauer, S. Chowdhury, S. Hall, M. Morjaria, V. Chadliev, N. Milam, C. Milan, V. Gevorgian, Demonstration

of Essential Reliability Services by a 300-MW Solar Photovoltaic Power Plant, http://www.nrel.gov/docs/fy170sti/67799.pdf



http://www.nrel.gov/docs/fy17osti/67799.pdf

IP Management and Product Development

= UNIFI plans to work with members [ [ﬂ), 3

to determine and develop “Core
Stack” IP that will enable GFM cecondony control
technologies to meet the
Interoperability Guidelines and A
Functional Requirements

operator ]

GFM
aggregation

s

interoperable

= Ensure that members have ability pleaviete
to meet UNIFI Specifications

PWM + power stage




Standards

Current standards for interconnecting
IBR to power systems do not specifically

address GFM technologies
e |EEE 1547 - Distribution
 |EEE 2800 - Transmission

Conducting a gap analysis on existing
IEEE 1547 and 2800 standards along with
development of technical minimum
capabilities for GFM devices

UNIFI will focus on developinF
specification for GFM technologies

Working closely with Standard
Development Organizations, UNFI will
bring expertise on GFM to future
updates of these standards

IEEE STANDARDS ASSOCIATION .

IEEE Standard for Interconnection
and Interoperability of Distributed
Energy Resources with Associated
Electric Power Systems Interfaces

IEEE Standards Coordinating Committee 21

Sponsored by the
|EEE Standards Coordinating Committee 21 on Fuel Cells, Photov;
Generation, and Energy Storage

IEEE SA
STANDARDS
ASSOCIATION

IEEE Standard for Interconnection and
Interoperability of Inverter-Based
Resources (IBRs) Interconnecting with
Associated Transmission Electric
Power Systems

IEEE Std 2800™-2022

$IEEE

ISTANDARDS | .-w




Outreach & Training (O&T) Thrust

m Education: develop educational
material, certificate programs, and
certification for teachers

s Workforce development: develop -
short courses & tutorials, safety- = ==
certification courses =5

il EHE =
s Communication: website and e- D E NV

newsletter(s)

m Events: annual meetings, webinars

https://pes-gm.org



https://pes-gm.org/



https://lowinertiagrids.ece.uw.edu/

UNIFI Seminar Series

15 seminars every Spring and Fall for the next 5 years — Mondays at 4-5pmET/1-2pmPT

nifi

consortium

Where
When

Zoom e Register here

Mondays in the Fall

4CTe23MT e 1-2PT
Contact Duncan Callaway e dcaléberkeley.edu

45ETe3

Aug 30 @ Bon Kroposkl (NREL)
The Noed for Gridd Forming Swerecs i the Fuhes
Frawey Systos

Sop 13 @ Deopek Divan (Goorgis Teck)
Roakizvmg Grid Forming dmvenmurs of Scake
Chaenger & Opportuniies

Sep 20 ® Julia Matovosyan (FRCOT)
: Survey of Gech Forming Invvtes Apniic otow

Sep 27 @ Mibie Cobn (U-Houston)
The Geid: Biogropity of an Amesicon Technology

Oct 11 @ Saira) Dhople (U -Minnescta)
Pomes £)ntem Mocving Sov ‘e £ 10 of Irvevtes bumed
Recowrres

Ot 18 @ Vijoy Vital (Arivema Stante)
WECT Modeh for Represering bravter Intevfuced
Gonerotion in Tramdeot Sttty Shxches

§ Oct 25 @ Domini Grons (U-Wisconsin Madisen)
Rethinking GFM Conerot A Untversol Conered Pavodiges
o Proned teove Ohodonegss

Organized by UNIFI (see hgrg) & UC Berkeley

Berkcley

USIVERETY OF CALFDRNIA

Modeing & Conired of Guid Foiming Mverters i Lavge
Syaive Stases

Nov 8 @ ivan Celamovic (Typhoon) & Humberto
Prrheire (UFSM)
Frinary Controders fur Gried faming Conmwiens

Nov 15 @ Srian Johemon (UW-Soettle)
Expactnents 1 AcOaionoty bamovosos in Grid Foming
v tes Dased Power Syateons

Nov 22 @ kgbal Husain (NCSU)
Gria) Foeming Canverters e Ride Theough of Symemey
and Asyrmvmetrie Foutts

| Nov 29 & Mariko Shirazi (U-Alnska Falrbanks)

of Goid-Forming lovevters Jn Todoy's

1 Dynomsic Soculty Optimisoton for N1 Securw

Operction of Hawol | fefand s Poww Syatacn with 300%
et Brsod Rwsousces

Dec 12 @ Vahan Oovorgian (NWEL)

Corpe scole GeAdf arming imum Fapesymwes of NOTL

Spring 2022 Seminar Series on
Grid-Forming(GFM)
Technologies

NREL [ YT

Organized by the DOE UNIFI Consortium
Zoom « Register HERE

wnifi
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Mondays at 4-5
Diane Littau

5 ETe3- 4CT02-_, MTe 1-2 PT From Jan 24 to May 2,
diane.li

2022

Mar 21 « Karen Montano-Matees &

Qahng Thate (ASY - Stadest Presentation)
Detuted Frimary ane! Secondiry Dranduon
Syadevrr Modky Latancomovd Lhang AM Dal

Jan 24 « Den Kroposs (NREL)
LT Conmontiam Overiew

Jan 31 « Wel Du (PNNL)
Travissern and Dynamic Modeding of Lroop-
Controfied, Gad-Fonming ipveyters of Soake

Mas 20 « Fodrigo Mentique s Autw & Jose
DM | L8 8 (UC Bevtabey Bt Prones it
SR TG P St s on Gacs o ww

Ao mrytar 5 Tw e ree 1 et baaml s

Fed 7 « Marija ¢ (MIT)

U Sea ey Mnamies Do ool A0pmech 1) sslaby vy

Mardertty ool o o of afO XY an! miadd ey sy
N O AfOnDee fe

April 4 » Federico MEano (UC-Dubdlin}
Corgler Freguency A Geomedric Aoproach 10 wwawel e
Ark betesonr Power & Fraquency in AC Mowr “3atwrs

Feb 14 « Wenzong Wang (EPRY) APTiI 11 « Jin Tan (NREL)

Comparative STabiity Ansysas of Gnd-Fommng and
Grg-Folowng inveriers in Lowinortia Power System

April 18 « All Mehria-Sand (Virginka Tech)
Gontrod, Commumnication, and Oyterseaunty for
Gt formang inveters

Feb 21 » President's Day
No Semvnar

April 25 « Sudipts mnM(OPAL-RT)
Axel Seibel and Tobias Erckrath (Fraunhofer |EE)
Chavenges and feeded frctonalles
Of Qs formang Wrsts fof MU wraier,
NRSRDEANE, BrK] Seslent Cperabon
From HW - design, contiy inkyoperatay
and HIL valeiaoon

¢ Feb 28 « Addison LI (Hawaian Blectric Company)
3y; Hawas Path 0 1007 Renewnies

Mar 7+ Pedro Arsuaga (Ceneral Electric)
GE'S Perspectives on G Foamng Technokoges

Mar 14 « Xiaonan Lu (Temple University)
Large-Seake DER Intogration through Scakabike &
Secure Secondary Control In Dynamv'e Mcrogrds

May 2 e Jack Ficker (Sandia)
HIL evalution of GFM Inverters

Free and Publicly Available




How to get involved with UNIFI?

= UNIFI has a paid membership structure to allow
organization that were not part of the original
project to join.

Check for the the “UNIFI Consortium” Group on LinkedIn m

Benefits of Membership

Seat at the table alongside other
vendors, utilities, system operators
Participate in (and drive) cutting-edge
R&D through UNIFI working groups
Access UNIFI specifications that will
leapfrog traditional standardization
process

Access to core stack IP that is key to
interoperability of GFM technologies
across scales

Participate in 1MW and 20MW demos

Network with wide student pool across
universities that will enter workforce

UNIFI events (training, job fairs,
workshops) will be key to educate on
novel technology area

Access to educational and training
material in up-and-coming technology
space

For more information on Memberships Contact: Ben Kroposki (benjamin.kroposki@nrel.gov) or Igbal Hussain (ihusain2@ncsu.edu)

wnifi
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mailto:benajmin.kroposki@nrel.gov
mailto:ihusain2@ncsu.edu
https://www.linkedin.com/groups/14048426/

wnifi

consortium

Thank you



