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ATTACHMENT B – Cohort Only
National Renewable Energy Laboratory (NREL) TA Cohort Discussions
December 15, 2022 – WS 1
Agenda: 
o Introduction (David Narang - 10 min)
Cohort and workshop series overview 
o FERC Order 2222 Overview and Implications for PUCs (Caitlin Marquis - 15 min)
Key compliance requirements 
Dual participation in retail and wholesale markets - challenges with double counting, double compensation, and operational compatibility 
Industry working group conclusions and recommendations 


o DER Aggregation and Integration into Wholesale Markets and Operations (Debbie Lew - 30 min)
Structural participation models for DERs in the wholesale market 
Transparent and non-discriminatory procedures for operational coordination between the DSO and ISO

 
o Break (10 min) 
o Allowing Aggregations and FERC Order 719 (Sydney Forrester - 30 min)
Overview of FERC Order 719 and impacts on compliance with FERC Order 2222 
Case studies on how states that have opted out under FERC Order 719 are integrating and regulating DER and DR aggregators now 


o Using Standards to Support DER Aggregation and Bulk Power System Coordination (David Narang - 15 min)
Overview of the relevant components of IEEE 1547-2018 and IEEE 2800 
Promoting standards adoption to support the safety, reliability, and interoperability of the grid

 
o Conclusion and Next Steps (David Narang - 10 min) 

March 8, 2023 – WS 2
Agenda:
· Introduction (5 min) 
Speaker: Michael Ingram 


· What decisions need to be made and by whom? (45 min + 15 min Q&A)
Insights from implementing IEEE 1547 across various states. 
Speaker: Brian Lydic – Ref: IREC 1547 decisions matrix 


· What are DERs and how can they be used? (45 min + 15 min Q&A)
What are modern DER capabilities? 
What are different DER Configurations? (e.g., solar + storage hybrid systems, intentional islands)
Case studies
Speaker: Andy Hoke - Modern inverters & experience from early deployments

 
· Lessons learned from the regulatory perspective (45 min + 15 min Q&A) 
Speaker: Michelle Rosier 


· Summary of Educational Resources and Activities (15 min) 
Speaker: Michael Ingram 


· Wrap-up (5 min) 
Speaker: Michael Ingram
June 15, 2023 – WS 3
Agenda:
· Introduction (5 min) 
Speaker: Michael Ingram – National Renewable Energy Laboratory

 
· Strategies for Reducing Timelines (30 min + 15 min Q&A) 
Speaker: Jeff Cook – National Renewable Energy Laboratory
· Strategies for Improving Technical Screens (45 min + 15 min Q&A)
Speakers: Nadav Enbar and Tom Key – Electric Power Research Institute


· Strategies for Improving Prospecting Tools (45 min + 15 min Q&A) 
Speaker: Shay Banton – Interstate Renewable Energy Council

 
· Wrap-up (20 min) 
Speaker: Michael Ingram – National Renewable Energy Laboratory
NREL Workshops:
https://www.nrel.gov/grid/ieee-standard-1547/workshops.html
Division of Public Utilities
 Heber M. Wells Building • 160 East 300 South • P.O. Box 146751 Salt Lake City, UT 84114-6741
www.dpu.utah.gov • telephone (801) 530-7622 • toll-free in Utah (877) 874-0904 • fax (801) 530-6512
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ESIG three-part series on DER integration

DER Integration DER Integration into wholesale markets and operations.

into Wholesale Markets . . . . . .
and Operations Examines the changes in regulation, market rules, planning, and operating practices needed to better

integrate DERs into U.S. wholesale markets and operations, addressing both near term opportunities

and long-term needs.

Lessons Learned for

. Lessons Learned for the U.S. Context: An Assessment of UK and Australian
Open Networks Initiatives. Reviews the UK and AU open networks initiatives and highlights
elements that could be useful to incorporate in a US initiative on DER integration and characteristics

from each initiative that should be avoided.

The Transition to a High-DER Electricity System: Creating A National Initiative
for DER Integration for the United States. Leveraging the first two reports and inputs from
the task force, this report clarifies the need, value and design of a potential US national initiative.

hitps://www.esig.energy/der-integration-series/
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BACKGROUND

Key areas and actions forregulatory commissions and

distribution utilities to support FERC Order 2222 compliance

Interconnection
procedures

DER aggregation
review

Outage
communication

Utility overrides

Actions Needed by Commissions

Ensure that interconnection procedures
are transparent, are fair, and conform to
predictable costs and time frames

Ensure that utility aggregation review is
timely, fair, and flexible, avoiding the need
for new interconnection studies

Ensure that distribution utility outage
communication is timely and fair,
allowing DER providers to manage non-
performance risks in the wholesale
market

Ensure that distribution utility overrides
are transparent and non-discriminatory

Actions Needed by Distribution Utilities

Develop new or enhance existing DER interconnection
procedures to establish DER performance parameters (e.g.,
maximum injection limits) and utilities’ ability to curtail DER
power injections for reliability purposes

Develop transparent procedures for review within 60 days of
an aggregator proposing a DER aggregation

Develop new processes and capabilities for communicating
distribution outages or constraints to DER aggregators

Develop transparent, non-discriminatory procedures for
overriding ISO/RTO scheduling and dispatch of DERs that
align with expectations set within the aggregation review
process
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Focus in on market
operations
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We examined three structural participation

models

Structural participation
models describe different
approaches for how DERs

participate in wholesale HERS o DERs @
markets; they vary based . @ . ‘ @
on the nature of the @ . O
interactions among the I I
ISO, distribution utility,
and DER aggregator.
DER
A" Aggregator

Distribution I
Utility

S

Distribution

1

Utility H

DER Aggregator Model LSE Model Total DSO Model





DER Aggregator Structural Participation Model

We examined market
operations across the

_
different models ' o """"”*""0‘_'

Day-Ahead Market Real-Time Market

LSE Structural Participation Model Pl ool IR
Total DSO Structural Participation Model Day-Ahead Market l
Day-Ahead Market
o < — ?.ﬁﬁ.': |_ Rnl'ﬂrno Control
Day-Ahud Net mﬂ:fgy MLER“ l Real-Time -
En-rgnndks Dispatch I Override
|_. L L |
Ne|
andAs Ene]
Blld Sehlduln
LS|
e Contingency Management and
Frequency Regulation Settlement
Sdndulu
I!uouren R Dl Contingency Management and
Frequency Regulation Settlemer]
Contingency Management and AGC SIWI f.OI'
Frequency Regulation Regulation; I’)d AS
ComBtpsaay ———— N-Second Payments | Deviation
sp Telemetry Penalties
|_
AGC DER
Signal for
e Aggregator
Dispatch i Mrrrr—rr—-
L. Net Deviation
Paymants Roal Time Control Penalties lRuourco Payments

Emorgoncy
Control

L

In the LSE model, DERs participate on the demand side of ISO markets, and the LS
and manages the participation of DERs in ISO markets, potentially with the help of

@ In the DER aggregator model, DERs participate on the supply side of ISO markets, and the DER
In the total DSO model, both DER aggregators and LSEs participate in ISO markets through a DSO. aggregator coordinates and manages the participation of DERs in ISO markets.






DU/DSO

: Registration of market Register market participants (DER providers) Register market participants (DER providers) and
participants and resources | and participating resources (DERs or DERAs) participating resources (DERs or DERAS)
" Distribution planning Plan investments in distribution infrastructure | Provide DU/DSO with timely information on planned
and non-wires technologies transmission expansion
~ Transmission planning VLANGWIUT Market and System Operations
and DER forecast{ ™ R I
DER interconnection Set interconnectig
screens and studi DU/DSO ISO
' Resource verification Review DERA; rev| Day-ahead market Schedule DERs that provide distribution grid Perform scheduling and unit commitment
communications services to the DU/DSO
! Real-time market Dispatch DERs that provide distribution grid Perform security-constrained economic dispatch
Resource adequacy Verify deliverabilif] services to the DU/DSO: ensure distribution
system security and, in some models, perform
Maintenance scheduling Manage and repof economic dispatch
equipment outagqy  Contingency management | Manage outages and provide emergency Manage outages and provide contingency dispatch
control
Frequency balancing ' FT, T 8-01. 51 T
Voltage regulation

DU/DSO

Market settlement Assess penalties for DERs" or DERAS'
non-compliance with override instructions;
perform market settlement in some models

Settle day-ahead energy, real-time energy,
and ancillary service markets; assess imbalance
penalties

Network tariffs and settle- = Settle non-wires resources; distribution tar-
ment iffs; and tariffs for generation, storage,
and demand response

Settle transmission tariffs






Operational Coordination Architecture

=« Provide a framework for the distribution utility (DU) or distribution system operator (DSO) to
manage reliability impacts to distribution resulting from aggregations of DERs (DERA) participation
in the ISO market under changing distribution system conditions.

« Satisfy FERC 2222 requirements for DU/DSO to implement “transparent, non-discriminatory”
procedures for over-riding ISO dispatches (para 310).

= Minimize real-time transaction complexity via effective Interconnection Agreement and Aggregation
Agreement provisions

DERA Set-up & Market & Operational
Registration Timeframe
A A

Individual DER DU/DSO Reliability Procedures for DU/DSO DERA
Interconnections Review of Proposed to Convey Dx System Responsibilities

& DERA and DU/DSO- Conditions & Operating & Actions in
Interconnection Aggregator Aggregation Constraints to Response to Dx
Agreements Agreement (AA) Aggregator & DERs Constraints

In the future, these agreements could include See example
flexible interconnection (dynamic curtailment)





Transparent, Non-Discriminatory Provisions for

DU/DSO Curtailment of DERA Dispatch

DERA Curtailment Options
These procedures would probably live in a

DU/DSO tariff, with references in the Simple Approaf:hes S
Interconnection Agreement and Aggregator = Full curtailment of all net injecting DERs on a
Agreement. circuit in abnormal configuration
Transparency requires clear specification of - Prorata curtailment based on installed

the causes of curtailment, compliance Capacity

requirements, penalties, etc. = “First-in-last-curtailed” (e.g., based on
Non-discriminatory requires fair allocation commissioning date)

of limited distribution capacity between More Complex Approaches

multiple DERAs that may use some of the

_ = Physical rights for non-firm (flexible) access to
same capacity

the dist. system are curtailed first
= Economic curtailment

= Economic dispatch of a distribution-level 9
energy market operated by the DUY/DSO





Example: Day-to-Day ISO Market and

Operational Coordination

DERA in CAISO with 5 MW capacity comprised of individual DERs over two distribution circuits within a

single T-D interface. Circuit A hosts 3 MW and circuit B hosts 2 MW. At 9 am Monday the DU/DSO informs

the Agg of a problem that has taken out distribution circuit B that will continue for the next 24 hours.

1. The Agg immediately submits an outage/derate card to CAISO indicating DERA capacity reduction
from 5 MW to 3 MW for HE10 Monday through HEO9 Tuesday

2. The Agg structures its DA market offers for the DERA for Tues to reflect maximum 3 MW for HE01-09
and maximum 5 MW for HE10-24 (based on the expected duration of the circuit B outage)

5. The Agg structures its RT market offers for Monday HE12-24 based on maximum 3 MW capacity; this
may involve buying back portions of the DERA’s DA schedules (which cleared in Sunday’s DAM) for
hours where they exceed 3 MWh.

Circuit Circuit
4. The CAISO does not receive new RT offers for 5-minute intervals from 0910 until 1100, but the market A =3
optimization knows from the outage/derate card that the DERA’s maximum output is 3 MW, so it will 3IMW AN AN

not dispatch the DERA for more than 3 MW capacity in any interval.

5. For the interval 0900-0910 the CAISO does not perform any new market optimization, so its
previously issued dispatches to the DERA would reflect 5 MW capacity. Thus the DERA may fall short
of its DA schedule or RT dispatch. The imbalance on the CAISO system is managed by Regulation
(AGC) and will subject the DERA to imbalance energy charges and possibly uninstructed deviation 10
penalties.





Broader gaps for DER market and system integration beyond

Order 2222

TRANSMISSION AND
DISTRIBUTION PLANNING

= Integrate approach to distribution planning,

interconnection, and operations

= Increase coordination between distribution and

transmission planning

DISTRIBUTION OPERATIONS

=« Identify least-regrets enhancements in visibility,
communications, DER operations, and real-time
controls that will be needed

= Allocate responsibilities for active coordination of
DER activity between the distribution system
operator and the ISO/RTO

DISTRIBUTION INTERCONNECTION

= Determine setpoint guidance for
smart inverters, given distribution
systems’ needs

= Define how utilities should
determine minimum reliability
upgrades versus upgrades that
could be avoided through DER

curtailment or re-dispatch

= Determine how utilities ensure
that procedures for curtailing or
re-dispatching flexible
interconnections are transparent

and non-discriminatory N





Broader gaps for DER market and system integration beyond Order 2222
(continued)

COMMUNICATIONS AND DATA-SHARING E[%O MARKET REGULATION

= Enable increased communication between 0= = ol = Ensure that distribution operators’
distribution utilities or distribution system 1 | I | | 1 ‘ ‘ overrides of DER schedules and
operators and ISOs/RTOs, including during dispatch and dispatch of DERs are
day-ahead and intraday scheduling, real-time transparent and non-discriminatory

dispatch, automatic generation control signals,

. = Clarify issues around state-federal
and emergency operations

jurisdiction
= Increase available information on loads,
. . UTILITY REGULATION AND
anticipated load growth, and DERs in the BUSINESS MODELS

interconnection queue . :
= Implement incentive frameworks that

ISO/RTO MARKET DESIGN attempt to better align utility incentives

= Implement market design changes to enable with maximizing the system value of
market-based approaches to load participation DERs
during the operating day = Design tariffs to incentivize the flexibility

that can be provided through energy

storage and load management





Recommendations to enable DER integration in

wholesale markets

For those at an early stage of DER integration, these strategies can help:
START WITH MINOR CHANGES. Begin from an assumption that relatively minor changes in distribution
planning, distribution operations, and utility investments in monitoring and controls necessary to support them will

be needed for near-term compliance with Order 2222 (commissions, utilities).

LEVERAGE EXISTING DATA. Leverage data from DER registration and interconnection in DER aggregation reviews
to minimize the need for additional study during reviews; in most cases, DER aggregation review should not require

redoing interconnection studies (commissions, utilities).

USE EXISTING PROCESSES FOR COMMUNICATIONS AND DATA-SHARING. Rather than create new
processes and additional complexity, make use of existing protocols and processes for communications and data-sharing
among utilities, aggregators, and ISOs/RTOs (utilities, DER aggregators, ISOs/RTOs).

DEVELOP WORKABLE APPROACHES TO UTILITY OVERRIDES. Focus initially on developingworkable
approaches to utility overrides, based on a foundation of efficient communication between utilities and aggregators, with
terms and conditions that are clearly articulated in interconnection and aggregator agreements and can evolve over time
(utilities, commissions, aggregators).

PRIORITIZE ADOPTION AND IMPLEMENTATION OF IEEE 1547-2018. Voltage support provided through
compliance with interconnection standards may reduce the need for overrides and distribution upgrades 13
(commissions, utilities).

OOOO





National dialogue

[ Buﬂd

= A common vocabulary, framework, and vision for thinking about DER integration across different
jurisdictions

@ PARTICIPATE IN NATIONAL, INDUSTRY-WIDE DIALOGUE.

= A common understanding around shorter-term, least-regrets strategies for DER integration that are
consistent across distribution utilities, including strategies for enhancing distribution and transmission
planning, data-sharing and communication, distribution operations, and DER interconnection and
aggregation review

= A structured dialogue on solutions to longer-term issues around DER integration, such as the design
of distribution system operator (DSO) operations, markets, and regulation, federal-state jurisdictional overlap,
independent system operator (ISO) market design, and incentive frameworks for regulated utilities

= Develop a general framework and terminology for considering distribution system operations, markets, and
regulation with higher levels of DERs

= Identify nearer-term least-regrets DER integration enhancements and solutions that are grounded in power
system engineering and economics and could be applicable to diverse jurisdictions

= Develop a portfolio of potential longer-term DSO models and TSO-DSO coordination arrangements that each
jurisdiction could tailor to their individual needs, rather than develop a one-size-fits-all approach 14
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Debra Lew

Debbie@esig.enerqy

(303) 819-3470
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Order 719 Opt Out

Electric Reliability
Council of Texos
ERCOT)

Source: FERC

1 FERC Order 719 was
Issued In 2008

o Reduced barriers of
participation for DR in
wholesale markets

o Allowed states to opt out

o Many states in the MISO
and SPP region opted out

o States are primarily vertically
integrated

o Of 19 total states, 16 opted out
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o Of 19 total states, 16 opted out
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Order 2222 impact on the opt out

Order 2222 (generally) does not offer an opt out

o One exception: Opt in mechanism for small utilities with less than 4M MWh of retail sales in the
previous fiscal year

o A DR resource in a heterogeneous aggregation is not subject to the opt out/opt in, however, a
homogeneous DR aggregation is considered DR, so subject to Order 719 (incl. opt out/opt in)

Implications
o States will no longer be able to opt out to comply with Order 2222
o Moreover, FERC is considering whether to reverse the DR opt out as well
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MISO and SPP states: Where are we at?

2020

RTO/ISO Demand Percent of

Resources Pealk
(M) Demand *

CAISO! 3,290 7.0%
ERCOT* 39390 5.1%
ISO-NE * 4762 1.9%
MISO * 13,0240 11.1%
NYISO ® 12741 4 2%
PIM ¢ 8,915.0 6.0%
SPP’ 342 0.1%
Total 30,787.5 0.6%

Source: FERC, 2021 *

Demand response exists in each wholesale market (at
varying levels)

Aggregations do exist in small numbers in the MISO/SPP
markets and have provided value to the system
o MISO June 10, 2021 Maximum Generation Event saw 400+ MW

of aggregated DER participation over a three-hour Load Modifying
Resource dispatch*

Existing, untapped DERs could provide additional value

o Organization of MISO States expressed concern over reserve
margins “trending towards their minimum requirements” and the
ability for quick deployment of DERs over slower incumbent
generation that could be more expensive to ratepayers?

*2021 Assessment of DR and AMI (FERC, 2021)

il " State Response to 2022-2023 PRA Results (Org. of MISO States, 2022)
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MISO and SPP states: Where are we at?

Sixteen of Nineteen states in MISO and SPP opted out
under Order 719

o IL is the only fully competitive state in MISO and has active
aggregations at the retail and wholesale market levels

o KS and OK did not opt out, however, their markets were functionally
closed until recent commercial and industrial customer aggregation
activity

Has any state reversed the opt out?

o AR* investigated this issue but chose not to reverse the opt out
despite recommendations from its DER investigation

o MIT partially reversed its opt-out for the 10% of retail customers that
have retail choice

*Docket No. 16-028-U, Order 10 (AR PSC, 2018)
il " Case No. U-20348 (MI PSC, 2019)

RTO/ISO Demand Percent of

Resources Peak
(M) Demand *

CAISO!1 3,290 7.0%
ERCOT ° 39390 5.1%
ISO-NE * 4762 1.9%
MISO * 13,024.0 11.1%
NYISO 3 12741 4 2%
PJM © 8.915.0 6.0%
SPP’ 342 0.1%
Total 30,787.5 6.6%
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Logistics of reversing the opt out: Jurisdiction

o States in MISO/SPP may have concern over maintaining jurisdiction

o Where aggregations do exist, state regulators have generally taken one of two approaches:

= Assume implicit jurisdiction due to jurisdiction over regulated utilities and DERSs interconnected in their
territory (option used by majority of states)

= Declare explicit jurisdiction over aggregators (in MISO/SPP, this is solely AR* despite having no
aggregations participating in the wholesale market level)

“DER interconnections to the
distribution system are based on

o FERC and ISO/RTOs recognize this “implicit” Treculiaties] s, G a5 FEmemes
jUI’iSdiCtion via Order 2222 text previously, [the regulator] may choose
o Supported by Order 2222 text along with (preliminary) to develop and oversee Technical

: o Review processes, including any
MISO and SPP Order 2222 compliance filings o e
interconnection rules. Under the
*In the matter of an investigation of policies related to DERs (AR proposal, [regulators] may also put

= PSC, 2018) rules in place governing operational
Rl * Order 2222 Compliance Filing (MISO, 2022) overrides of [aggregated DER].” T 65






Logistics of reversing the opt out: Role of state regulator

o States in MISO/SPP may have concern over developing

: Possible roles and responsibilities of state
rules to govern aggregators and their role

regulators with respect to coordination

o States in MISO/SPP with active aggregations have ad hoc may include but would not be limited to:

rules that borrow heavily from existing processes * developing interconnection
agreements and rules;

developing local rules to ensure
distribution system safety and

o Rely on more general DER registration processes from the
retail utility and/or resource registration processes from the

ISO/RTO reliability, data sharing, and/or
o Rely on existing data governance practices and rules from the metering and telemetry requirements;
retail utility and/or ISO/RTO overseeing distribution utility review

of DER participation in aggregations;
establishing rules for multi-use
applications; and

o Dual participation between retail and wholesale markets
necessitates coordination

o Order 2222 language puts the burden on aggregators to resolving disputes between DER
collect and report required data to all parties aggregators and distribution utilities

o Role of regulator applies to each DER because DERs in over issues such as access to individual
aggregations must comply with local regulation DER data. — FERC Order 2222
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What Is next?

Michigan opened a proceeding considering a full reversal of the opt out*
o Note that they partially reversed the opt out previously

Minnesota is expected to initiate a docketed proceeding*

Indiana just began a stakeholder process on Order 2222 implementation

States may be interested in beginning this process ahead of ISO/RTO Order 2222 for a variety of
reasons

o Possible FERC reversal of Order 719 opt out; Order 2222 compliance

o Improve resource adequacy, capture value from existing and future resources

o Take advantage of aggregation-specific benefits such as quick and accurate response, distributed locations, etc.
o Support other state policy priorities

o Learn via a slower onramp

’\l b *Regulating DR and Aggregators in the Midwest While Safeqguarding Local Jurisdiction (Dotson-Westphalen & Schisler -Cpower, 202627)
et ' https://www.in.qgov/iurc/home/implementation-re-ferc-order-2222/
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1. Increase awareness of existing materials and support to help state
public utility commissions (PUCs) move forward on distributed
energy resource (DER) interconnection activities.

2. Help participants make connections to colleagues with similar
challenges (and solutions!).

3. Help the GMLC/NREL project team understand context and
iImplementation challenges.
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Approach: Work with awardees on content and delivery method to maximize the efficacy of the TA |
Budget/scope: $2.25M across 37 different technical engagements in more than 20 states.
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NREL at a Glance

| o

—

More than

900

=

Workforce, including World-class Partnerships Campus
219 postdoctoral researchers, facilities, renowned with industry, operates as a
60 graduate students, technology experts academia, and living laboratory
government

81 undergraduate students

NREL | 5





Renewable Sustainable Energy Energy Systems

Power Transportation Efficiency Integration
Solar Bioenergy Buildings Grid Integration
Wind Vehicle Technologies Advanced Hybrid Systems
Water Hydrogen Manufacturing Security and Resilience

Government Energy

Geothermal
Management
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As we go through the discussion today, consider
your own context.






What is your (state’s) vision for your future power system?
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Potential new capabilities and elements:
 Improved resiliency to weather events

* New energy technologies (e.g., energy storage)

* New markets and services

 Improved communications and controls (e.g., AMI, ADMS)

» Electrification of other sectors (e.g., transportation). NREL | 8






Consider your own coordination needs between policy/regulation

and DER deployment.

Amount of DERS DER Deployment Trajectory:
Deployed “The Market”
Preparation Creation Expansion

e Address institutional barriers. * Establish legislative/regulatory ¢ Direct monetary incentives for

* Establish market access (e.g., mandates (e.g., renewable specific projects (e.g., rebates,
enabling legislation/regulation portfolio standards). grants, tax incentives,

Example for third-party ownership). * Establish financing production incentives for DER
PO"CV * Increase transparency in mechanisms and funding energy, feed-in tariffs).
Stack permitting process and fees. sources. * Remove siting restrictions.

* Establish legislative/regulatory = * Encourage pilot and * Ensure broad market access
rules for compensation (e.g., demonstration projects (legislative action needed?).
net metering). (“regulatory sandbox”?). * Streamline permitting.

* Revise building energy codes * Revise interconnection rules? * Revise interconnection rules?

to support DER deployment.
* Revise interconnection rules?

References:
Strategic Sequencing for State Distributed PV Policies: A Quantitative Analysis of Policy Impacts and Interactions, V. A. Krasko and E. Doris, 2012, http://www.osti.gov/servlets/purl/1054826/.
“Policy Building Blocks: Helping Policymakers Determine Policy Staging for the Development of Distributed PV Markets,” E. Doris, 2012, https://www.nrel.gov/docs/fy120sti/54801.pdf.




http://www.osti.gov/servlets/purl/1054826/

https://www.nrel.gov/docs/fy12osti/54801.pdf



Basis of this discussion: DER performance capabilities have

advanced beyond traditional self-serve use.

Modern DER assets could provide a range of grid services that may improve
system flexibility and reliability and reduce capital and operating costs.

Market-Level Functions (Bulk System)
Examples: system events, market orders/requests
Grid services—energy-related, regulation, reserve, ramping, frequency

response Se mS S Min Hr Day Month Year
H ' ‘ = ! H i
Energy and ' ! . G _. . '
Capacity E E { Firm Capacity
:' Freque;lcv Responsive ;Iesen.res E E i
Operation-Level Functions (Distribution Grid) & opersting | | RegulatingReserves ! i : i
o . 0 L] ] [} ] [ " 1
Examples: local events, dispatch/aggregation 2 g Reserves ; ; Contingency Reserves E :
2 i i
Grid services—energy-related, distribution voltage management .- : : Ramping Reserves : : :
=R : : : - : : "
c [ a & 1 . 1
e ! Voltage Support : . :
Electrical interface Communications .E Other ¢ ' [ [ ' ' '
(interconnection) interface H : R et Capability i : :
(interoperability) * ! ! ! ' !
mS 5 Min Hr Day Month Year
Grid-Edge Functions (Local Facility / Devices)
Examples: voltage/frequency control, device specifications Reference:
Gri d . d b . | An Introduction to Grid Services: Concepts, Technical Requirements, and Provision from Wind,
rid services—adistribution vo tage management P. Denholm, Y. Sun, and T. Mai, 2019, https://www.nrel.gov/docs/fy190sti/72578.pdf.
Reference:

“GMLC Survey of Distributed Energy Resource Interconnection and Interoperability Standards,” D. Narang et al., 2021,
https://www.nrel.gov/docs/fy21osti/77497.pdf.




https://www.nrel.gov/docs/fy19osti/72578.pdf

https://www.nrel.gov/docs/fy21osti/77497.pdf
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LiNREL

Transforming ENERGY

Adoption of DER Performance
Standards to Support DER
Aggregation

Michael Ingram, Xiangkun Li, and David Narang
NREL Power Systems Engineering Center

DER Interconnection Workshop

Note: These slides were originally presented in part at the NARUC-NASEO Distributed Energy Resources
Integration & Compensation Initiative Workshop in Washington D.C. on September 21, 2022





Key DER Capabilities That
Support Aggregation

Topic Highlight





Complementing North American Reliability Standards

Performance Test & Verification &
Model Validation
g e FERC orders e NERC compliance
S Transmission e NERC reliability standards monitoring &
& & guidelines enforcement
w
§ Sub- e |EEE Std 2800-2022 e |EEE P2800.2 (in process)
t Transmission
S
Q |EEE 1547.1-2020
S b e IEEE Std 1547-2018 :
& istribution e UL 1741 (SB)
S (for DERS) e |EEE Std 1547a3-2020 e IEEE ICAP

Only when adopted by the appropriate authorities, IEEE standards become mandatory

Slide courtesy of EPRI/IEEE Std 2800 leadership team





Aggregate performance:

Grid Support Under Abnormal Grid Conditions

(Support for Bulk Power System Reliability)

[ How can DERs affect bulk power system reliability? }

DER inverters are software-controlled
systems.

[ =  Grid performance support

= Ride-through, stabilizing
frequency response, voltage
support

Unlike conventional rotating generators,

= Safety and reliability: Do no harm.

software-controlled DERs can exhibit an

= Anti-islanding, no interference |
with primary voltage regulation |

J

“orchestral” response to abnormal
conditions.

At higher penetrations, computer models
indicated that the aggregate DER response to
abnormal voltage or frequency can
contribute to the (in)stability of the bulk
power system.

This possibility prompted inclusion of ride-
through requirements in IEEE Std 1547-2018.

Stakeholders for ride-through settings include
“regional reliability coordinators” and the local
utilities.





Grid Support Under Normal Grid Conditions

IEEE Std 1547-2018 Active Voltage Regulation Capability Requirements

Category A Mandatory Voltage Regulation Capabilities

Meets minimum performance Constant Power Factor Mode v v
capabilities needed for area

electric power system (EPS) voltage Constant Reactive Power Mode (“reactive power priority”) v v
regulation

Reasonably attainable by all state- Voltage-Reactive Power Mode (“Volt-VAR”):

of-the-art DER technologies. * Inthis mode, the DER actively controls its reactive power output as a function of v v
Category B voltage.

Meets all requirements in Category * Intended to supply VAR only when needed, push local voltage back toward nominal.

A plus:
Active Power-Reactive Power Mode (“Watt-VAR,” “P-Q”)
* Inthis mode, the DER actively controls the reactive power output as a function of the not v
. H d
active power output. SIS
* Not widely discussed/deployed to date.

Supplemental capabilities for high
DER penetration, where the DER
power output is subject to
frequent large variations
Attainable by most smart inverters,  Voltage-Active Power Mode (“Volt-Watt”)

* Inthis mode, the DER actively limits the DER maximum active power as a function of

the voltage.
* This mode can reduce the prevalence of very high voltages.

not
required v

IEEE Std 1547-2018: “The DER shall provide voltage requlation capability by changes of reactive power. The approval of the Area EPS Operator shall be required for
the DER to actively participate in voltage regulation.”

The area EPS operator shall specify the required voltage regulation control modes and the corresponding parameter settings. Modifications of the settings and
mode selected by the EPS operator shall be implemented by the DER operator (min 44% injecting, 25% absorption (low), 44% (high)).

Settings can be adjusted locally or remotely.





DER Interoperability

/

NS

Interoperability: The capability of two or more networks, systems, devices, A
applications, or components to externally exchange and readily use information

securely and effectively
(IEEE Std 1547-2018 by reference to IEEE 2030) j

Value of interoperability:

Improves situational awareness/monitoring

Provides more data for modeling and
simulation

Enables standardized control and advanced
control

Provides data for modeling and simulation.

Enables “orchestrated response,”
e.g., aggregation.

IEEE Std 1547-2018 support/
requirements for interoperability:

Communications requirements
Identified functions to communicate
Scope of interoperability

Protocols.





Increased Capabilities Come
With Increased Complexity

Topic Highlight





IEEE Std 1547 Context—Key Terms and

Entity Jurisdictional Boundaries

Generation Transmission

Regional Reliability

Coordinator

Regional reliability coordinator:

Maintains real-time operating reliability of
bulk power system within a reliability
coordinator area

Images from DOE

Note: For a good discussion on bulk power system reliability,
see the Federal Energy Regulatory Commission’s (FERC’s)
Reliability Primer, https://www.ferc.gov/media/2135.

Federal States

>

-

Distribution

T
il

Energy
Resources

e Authority Governing
Interconnection Agreements
e Area EPS Operator

Authority Governing Interconnection
Requirements (AGIR):

Codifies, communicates, administers, and enforces
policies and procedures for allowing electrical
interconnection of DERs to the grid.

Examples: State regulatory agency, public utility
commission, municipality, cooperative board of
directors

« DER Operator

« Consumer

 Authority Having
Jurisdiction

I Distributed
|

Authority having

jurisdiction: Has rights to
inspect and approve of the
design and construction.
Examples: City or county

inspectors
NREL | 25
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DER Capabilities Required in IEEE Std 1547

Cross Jurisdictional Boundaries

Area EPS

Regulator

Y/

* Power quality
* Protection settings

(AGIR) °perat°r * Testing & certification Application
y (beyond IEEE Std 1547
~ scoge!
* Performance categories ( _ _ »
\\ / I * Voltage regulation modes * Grid services
\ // i J y,
1
\\ / H * Interoperability ("« Grid services
¥ ———— requirements * Data access
. ! . icati » Cybersecurity
Reglonal : Communications protocols \. J
1
L] L] L] I
r6|labl|lty | * Performance categories * Bulk system reliability
coordinator le—==> < Trip settings * Resilience
* Ride-through * Black start

NREL | 26





Education and Support
Resources

Topic Highlight





NREL’s IEEE Std
1547-2018
Resources Website

nrel.gov/qgrid/ieee-standard-1547

An online platform with educational
resources to aid stakeholders in the
successful adoption and implementation
of IEEE Std 1547-2018.

Sponsored by:
Solar Energy Technologies Office

Partners and advisors:

. Sandia National Laboratories

. Institute of Electrical and Electronics Engineers

. Electric Power Research Institute

. National Association of Regulatory Utility
Commissioners

. National Rural Electric Cooperative Association

. Interstate Renewable Energy Council

. Regulatory Assistance Project

C Western Interstate Energy Board

i LY
Illustration by Fred Zietz, NREL

NREL's well-catalogued and publicly accessible online platform includes
presentations, industry white papers, and topic-specific NREL technical
reports for utilities, states, solar developers, transmission operators, and
other stakeholders.



http://www.nrel.gov/grid/ieee-standard-1547



Resources on the Site

IEEE 1547-2018 Resources

Apout ESVTENGLERIEICIEIEE  Suggested Reading  Contact Us

IEEE 1547-2018 Resources

About  Educational Materials [T REEL]T Contact Us
Search |EEE Std 1547 Resources ]

. . Search |EEE Std 1547 Resources SEARCH
Educational Materials

Learn about the revised Institute of Electrical and Electronics Engineers Standard 1547-2018 (IEEE Std 1547-2018) through these
educational materials, which inclu Dinars, white papers, and otner resources

Suggested Reading

performance of the electric grid during day-to-day operations and improve grid resilience during abnormal grid conditions, Suggested reading lists are a

The revized version features new concepts and new technical reguirements, which enable the use of modern distributed energy resources to improve

able for stakehalders with roles in implementing IEEE Standard 1547-

The revised standard was published in April 2018 and is now available from IEEE. Qualified parties may request a discounted copy. 2018.

The revised standard contains 11 chapters (clauses) and & annexes that comprise 136 pages. The revision is

Show| 10 entries Search significantly different from the 2003 version, and it contzins new concepts and new technical requirements. Each
clause specifies information or reguirements that apply to certain aspects important to the interconnection of
Publication Resource distributed energy rezources to the electric power system. Implementing the requirements necessitates a careful
Educational Resource Date L Type

study of the underlying technical concept and reguires the appropriate information to calculate relevant settings and

Background Information on the Protection Requirements in IEEE Standard 1547-2018 (Mahmud, Ingram) 2022 Report configurations.

This MREL report provides informative material on the requirements related to electrical protection in IEEE Standard i i . . . . X
1547-2018 as well as context and backg . T Partions of the standard are directed toward & specific audience that must possess specialized information and
technical training 1o use and apply the requirements. These suggesied lists of references provide an initial
Informative Background on the Interoperability Requirements in IEEE Standard 1547-2018 (Ingram) 2021 Report knowledge base of information to help stakeholders wishing to implement the standard.

This report provides a reference guids to the new capahilities and requirements listed in Clause 10 of IEEE Std_ 1547-

2018 as well as considerations for their use ) P v 7 | ioto
Suggested Reading Lists

QOverview of Issues Related to |EEE Standard 1547-2018 Requirements Regarding Voltage and Reactive Power Contrel 2021 Report Autherities Governing Interconnection Requirements

(Marang)

This report provides a reference guide 1o the new capabilities and requirements listed in Clause 5 of |EEE Standard Electric Power Systemn Operators

1547-2018 as well as considerations for their utilization.
Full List of Publications
This NREL guide presents a structured, step-by-step approach to help authorities governing interconnection See the full list of educational materials.

reguirements and stakeholders develop and update existing imerconnection rules and incorporate IEEE Standard
1547-2018 from baoth the process and technical standpoints.

A Guide to Updating In

connection Rules and Incorporating IEEE Standard 1547-2018 (Ingram) 201 Report

Clause-by-Clause Summary of Requirements in IEEE Standard 1547-2018 (Narang et al.) 2020 Report
This MREL technical report is intended as a guick reference guide to the technical requirements in |[EEE 1547-2018
standard. In addition to providing an overall summary of the standard's 11 clauses, the document alsc highlights the

. .
default and optional settings for parameters. Clause summaries include identification of the key stakeholders and, to l / d/ t d d 1 54 7
a limited extent, the expected level of invelvement they should have in decisions related to implementation of the nre hd qo V qu Ieee S an ar

standard.

NREL | 29
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NREL's Guide for Updating Interconnection Rules

A Guide to Updating Interconnection Rules and Incorporating IEEE Standard 1547-2018 presents a structured, step-
by-step approach to help government authorities that oversee interconnection requirements and other
stakeholders develop and update interconnection rules. The NREL-published report considers the incorporation of
the new standard from both process and technical standpoints.

. There are three main sections of the report:

Step 1 Step 2 Step 3

Developing the Rule Maintaining and
(including updating technical requirements) ReViSing the Rule

Determining Context

(stakeholders and major drivers)

* Key considerations include:
* Has the governing authority sufficiently identified motivations for updating the interconnection rule? How do the
identified technical requirements relate to the desired outcome?
* Has the governing authority allowed for the use of DER capabilities (even if they are to be used in the future)?

Any state or local jurisdictions that are interested in adopting IEEE Std 1547-2018 should consult this resource!

Find the full report on NREL’s IEEE Std 1547-2018 resources website or at nrel.qgov/docs/fy22osti/75290.pdf.

NREL | 30
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IEEE Standards Committee 21 (SC21)

Resources and Outreach

e Public website on IEEE Std 1547:

http://sites.ieee.org/sagroups-scc21/standards/1547rev/.

Discount/free copies of the standard for select stakeholders (e.g., regulators)

Education and training/reading material—
papers, webinars

“Approved” presentation content for subject matter experts
Catalog of ISO/RTO T&D coordination activities
State activity map (maintained approx. quarterly)

Inverter rollout timeline (“regularly” maintained).

* Informal industry/stakeholder coordination calls (quarterly)

 Coordination with other IEEE societies, committees, and related
standards (constant).

31
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Additional Resources

National Association of Regulatory Utility Commissioners (NARUC):

. Home page: https://www.naruc.org/

. Publications: https://www.naruc.org/cpi-1/publications/

Interstate Renewable Energy Council (IREC):

. Blog: https://irecusa.org/blog/tag/ieee-1547/
. “Decisions Options Matrix for IEEE 1547-2018 Adoption”: https://irecusa.org/resources/decision-options-matrix-for-ieee-1547-2018-adoption-3/

Electric Power Research Institute (EPRI):
. Training by EPRI U: https://www.epri.com/epri-u

. DER Aggregation Participation in Electricity Markets: EPRI Collaborative Forum Final Report and FERC Order 2222 Roadmap:
https://www.epri.com/research/products/000000003002020599

North American Electric Reliability Corporation (NERC):
. “Quick Reference Guide: Distributed Energy Resource Activities”: https://www.nerc.com/pa/Documents/DER Quick%20Reference%20Guide.pdf

. Reliability Guideline: Bulk Power System Reliability Perspectives on the Adoption of IEEE 1547-2018:
https://www.nerc.com/comm/RSTC Reliability Guidelines/Guideline |IEEE 1547-2018 BPS Perspectives.pdf

. Distributed Energy Resources: Connection Modeling and Reliability Considerations:
https://www.nerc.com/comm/Other/essntlirlbltysrvcstskfrcDL/Distributed Energy Resources Report.pdf
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Cybersecurity

o CYBERSECURITY, ENERGY SECURITY, AND EMERGENCY i CYBERSECURITY SECURITY RESPONSE RESERVES

RESPONSE

ABOUT ENERGY EMERGENCY PETROLEUM
5

DOE-Afd-NREL
Announce First

Cohort Of The Clean
Energy Cybersecurity

Accelerator Program

Biden-Harris Administration
Launches $250 Million Program To
Strengthen Energy Security For
Rural Communities

Other activities:
https://www.nist.gov/programs-projects/cybersecurity-smart-grid-systems

https://www.energy.gov/ceser/office-
cybersecurity-energy-security-and-
emergency-response

@ SUNSPEC

SUNSPEC/SANDIA CYBERSECURITY
WORKGROUP PROGRAM UPDATE

The SunSpec/Sandia Cybersecurity Workgroup, now 350 people strong, has been
meeting once or twice per month now for the past two years. During this time,

we've been executing 1o a roadmap that addresses several key themes:

* DER Device and Servers

» Secure Network Architecture
+ Data-In-Flight Requirements
s Access Controls

= Patching Requirements

» Utility/Aggregator Auditing Procedures

https://sunspec.org/cybersecurity-work-group/ "t
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INTERCONNECTION

INNOVATION e-XCHANGE Website:
U.S. DEPARTMENT OF ENERGY energy.gOV/iZX

An EERE collaboration between SETO and WETO
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i2X Technical Assistance

Goal: To provide access to various interconnection technical assistance opportunities to
support our partners in their implementation of developed reforms.

Interconnection office hours—Fridays:
e Direct access to i2X leadership
e “Consultation” phone calls available to any interconnection
stakeholder.

Preliminary i2X working groups:
* Energy Justice Working Group
e |EEE Std 1547-2018 Adoption Support Working Group
e Experienced peer learning webinar series.

Additional topics for consideration:
* Implementing queue management methods
e Accelerated tool development and deployment
e Best practices and training.

Others? Suggest a topic! -

INTERCONNECTION
INNOVATION e-XCHANGE
. A U.S. DEPARTMENT OF ENERGY
energy.gov/i2x I Ay’





Thank You

David Narang | David.Narang@NREL.gov
Michael Ingram | Michael.Ingram@NREL.gov
Xiang Li | Xiangkun.Li@nrel.gov

National Renewable Energy Laboratory — Golden, Colorado
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e Continued collaboration with our GMLC interconnection
cohort for the next workshop

* Continued collaborative efforts with partners on all the topics
discussed.
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Agenda: Modern DER Capabilities and Deployment Considerations =

MODERNIZATION
LABORATORY
CONSORTIUM

.S, Department of Energy

= |ntroduction and background (Michael Ingram, 5 min)
= Brian Lydic: What decisions need to be made and by whom? (45 min + 15 min Q&A)
= 5 min break

= Andy Hoke: What are DERs and how can they be used? (45 min + 15 min Q&A)

= 5 min break
= Michelle Rosier and Derek Duran: Lessons learned (45 min + 15 min Q&A)

= Michael Ingram: Summary of Educational Resources and Activities + Wrap-up (15 min)
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1. Increase awareness of existing materials & support to help state
PUCs move forward on DER interconnection activities

2. Help participants make connections to colleagues with similar
challenges (and solutions!)

3. Help GMLC/NREL project team understand context and
Implementation challenges
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More than

900

=

Workforce, including World-class Partnerships Campus
219 postdoctoral researchers facilities, renowned with industry, operates as a
60 graduate students technology experts academia, and living laboratory
government

81 undergraduate students
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Government Energy
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Management
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Summary of Educational
Resources and Activities

Topic Highlight





NREL’s IEEE 1547-
2018 Resources
Website

nrel.gov/qgrid/ieee-standard-1547

An online platform with educational
resources to aid stakeholders in the
successful adoption and implementation
of IEEE 1547-2018.

Sponsored by:
Solar Energy Technologies Office

Partners and Advisors:

. Sandia National Laboratories

. Institute of Electrical and Electronics Engineers

. Electric Power Research Institute

. National Association of Regulatory Utility
Commissioners

. National Rural Electric Cooperative Association

. Interstate Renewable Energy Council

. Regulatory Assistance Project

C Western Interstate Energy Board

i LY
Illustration by Fred Zietz, NREL

NREL's well-catalogued and publicly accessible online platform includes
presentations, industry white papers, and topic-specific NREL technical
reports for utilities, states, solar developers, transmission operators, and
other stakeholders.
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Resources on the Site

|[EEE 1547-2018 Resources

|IEEE 1547-2018 Resources NREL

About SNEVGLENYEICGEIN Workshops  Suggested Reading  Contact Us

Transforming ENE|

Search IEEE Std 15 SEARCH

Educational Materials

Learn about the revised Institute of Electrical and Electronics Engineers Standard
1547-2018 (IEEE Std 1547-2018) through these educational materials, which
include wehinars, white papers, and other resources.

The revised version features new concepts and new technical requirements, which enable the
use of modemn distributed energy resources to improve performance of the electric grid
during day-to-day operations and improve grid resilience during abnormal grid conditions.

The revised standard was published in April 2018 and is now available from IEEE. Qualified
parties may request a discounted copy.

Transforming ENER

About  Educational Materials Workshops REULRESCHEEELILGEM Contact Us

Search IEEE Std 15
Suggested Reading

Suggested reading lists are available for stakeholders with roles in implementing
Institute of Electrical and Electronics Engineers Standard 1547-2078.

The revised standard contains 11 chapters (clauses) and 8 annexes that comprise 136
pages. The revision is significantly different from the 2003 version, and it contains new
concepts and new technical requirements. Each clause specifies information or
requirements that apply to certain aspects important to the interconnection of distributed

Show| 10 entries Search: energy resources to the electric power system. Implementing the requirements necessitates
Publication Resource a careful study of the underlying technical concept and requires the appropriate information
Educational Resource Date I Type to calculate relevant settings and configurations.
Background Information on the Protection 2022 Report S u ggested Rea d | ng L| StS

Requirements in IEEE Std 1547-2018 (Mahmud, Ingram)
This NREL report provides informative material on the
requirements related to electrical protection in IEEE Std
1547-2018 as well as context and background to
improve understanding and use of the requirements
specified.

A Primer on the Unintentional Islanding Protection 2022 Report
Requirement in IEEE Std 1547-2018 (Narang et al.)

This NREL report provides an introductory summary of

the unintentional islanding protection requirements in

the revised IEEE Std 1547-2018.

Overview of Functional Technical Requirements for 2022 Report
Intentional Islands (Narang et al.)

This NREL report provides informative material on the

requirements related to intentional islands in Institute of

Electrical and Electronics Engineers Standard 1547-

Authorities Governing Interconnection Requirements
Electric Power System Operators

Portions of the standard are directed toward a specific audience that must possess
specialized information and technical training to use and apply the requirements. These
suggested lists of references provide an initial knowledge base of information to help
stakeholders wishing to implement the standard.

Full List of Publications

See the full list of educational materials.

nrel.qov/qrid/ieee-standard-1547

NREL
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NREL's Guide for Updating Interconnection Rules

A Guide to Updating Interconnection Rules and Incorporating IEEE Standard 1547-2018 presents a structured, step-
by-step approach to help governmental authorities that oversee interconnection requirements and other
stakeholders develop and update interconnection rules. The NREL-published report considers the incorporation of
the new standard from both process and technical standpoints.

. Three main sections to report:

Step 1 Step 2 Step 3

Developing the Rule Maintaining and
(including updating technical requirements) ReViSing the Rule

Determining Context

(stakeholders and major drivers)

* Key considerations include:
* Has the governing authority sufficiently identified motivations for updating the interconnection rule? How do the
identified technical requirements relate to the desired outcome?
* Has the governing authority allowed for the use of DER capabilities (even if they are to be used in the future)?

Any state or local jurisdictions that are interested in adopting IEEE Standard 1547-2018 should consult this resource!

Find the full report on NREL’s IEEE Resource Website or at nrel.qov/docs/fy22o0sti/75290.pdf.

NREL | 17
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IEEE Standards Coordinating Committee 21 (SCC21)

Resources and Outreach

e Public web site on IEEE Std 1547 http://sites.ieee.org/sagroups-
scc21/standards/1547rev/

Discount/free copies of the standard for select
stakeholders (e.g., regulators)

Education and training/reading material — papers,
webinars

“approved” presentation content for SMEs
Catalog of ISO/RTO T&D coordination activities
State activity map (maintained ~ quarterly)

Inverter rollout timeline (“regularly” maintained)

* Informal industry/stakeholder coordination calls
(quarterly)

 Coordination with other IEEE societies, committees &
related standards (constant)

State activity map

Timeline for Rollout of IEEE $td 1547™.2018 Compliant DER
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Cybersecurity

e : Mewsroom  Leadership  Energygov Offices
offica of . : ABOUT ENERGY EMERGENCY PETROLEUM
e g:gggigumw. ENERGY SECURITY, AND EMERGENCY us CYBERSECURITY SECURITY RESPONSE RESERVES

https://www.energy.gov/ceser/office-
cybersecurity-energy-security-and-

e

DOEARG-NREL . - SMEIEENCVTESROonse
Announce First

Lohort. Of The Clean

Energy Cybersecurity
~ Accelerator Program

Biden-Harris Administration
Launches $250 Million Program To
Strengthen Energy Security For
Rural Communities

Other activities:

https://www.nist.gov/programs-
projects/cybersecurity-smart-grid-

systems)

https://sunspec.org/cybersecurity-work-
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i2X Technical Assistance

Goal: To provide access to various interconnection technical assistance opportunities to
support our partners in their implementation of developed reforms

Interconnection Office Hours - Fridays
* Direct Access to i2X Leadership
« “consultation” phone calls available to any
interconnection stakeholder

Preliminary i2X Working Groups
* Energy Justice Working Group
* IEEE 1547-2018 Adoption Support Working Group
* Experienced Peer Learning Webinar Series

Additional Topics For Consideration
* Implementing Queue Management Methods
* Accelerated Tool Development and Deployment
e Best Practices and Training

Others? - SuggESt d tOpiC! N INTERCONNECTION -

INNOVATION e-XCHANGE
. A U.S. DEPARTMENT OF ENERGY
energy.gov/i2x I Ay’





Next for us

Workshop #3: Improving the Interconnection Process

Focus on approaches to establish or improve process-related elements.

Cohort members placed high priority on the following subtopics:

Benefits of preapplication processes

Screening processes for different sized utilities and DERs
Establishing minimum requirements for various sizes of DERs
Interconnection application automation

Improving interconnection timelines

Metrics, enforcement and reporting

Data access and privacy

NREL | 22





Help Us Prioritize Workshop 3 Topics

https://app.sli.do/event/w4ifbMMifoivzyw35gWXXe
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IREC’s Decision Options Matrix

@IREC






RPA, Evaluation and
Commissioning

IEEE 1547-
2018

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

Abnormal Categories

Normal Categories

Voltage Regulation
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Additional 1547-2018 Requirements

Power Quality

» Load rejection and ground fault overvoltage must be limited
 Rapid Voltage Change (RVC) limitation
« Flicker evaluation

el Fault Current

+ >500 kW systems must have fault current waveforms (inverters)

emmm Communications

« Must be capable of talking DNP3, 2030.5 or SunSpec
« Specific monitoring and control parameters required

@IREC






IREC Decision Options Matrix as Guide
for adopting IEEE 1547-2018
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Development of Decision Option Matrix

W |REC has participated in 1547, 1574.1,1547.2, UL 1741, etc.
development

B Helped develop MN Technical Interconnection and
Interoperability Requirements (TIIR)

I | ed stakeholder group to update HECO'’s Rule 14

B Participated in CA
B Utilized matrix in NM, OR

@IREC






Overview of Decision Option Matrix

B Near-term items - actions needed as first steps in the
adoption process

B Mid-term items - actions that should, for the most part, be
taken before the implementation date

I | ong-term items - actions that may be taken after the

implementation date, may require a formal roadmap, or
may require ongoing reevaluations

@IREC
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What to Consider

Overview of Decision Option Matrix

Decision Option (DO) Description

A. Near Term

Adoption timeline

Equipment listing to UL 1741 SB certifies conformance with
1547-2018 for inverter-based resources and some other
interconnection equipment. Consider certified equipment
availability, the use of UL 1741 SA certification in the interim (if
needed), and whether naming a certain date is necessary
before certified equipment is widely available. Compliance
requirements are usually based on the interconnection
application submission date. Some projects have long
interconnection review and lead times and may not be installed
until long after the application date. A mechanism to require
some of those projects with earlier application dates to be
1547-2018 compliant once installed could be beneficial for grid
support. Installed MW with 1547-2018 compliance could be
increased if compliance is based on installation date. However,
this may be challenging for developers from a planning
perspective, as they may have to specify equipment that is not
yet certified for 1547-2018. This issue may be mitigated if UL
1741 SA compliant inverters are utilized, which can have similar
features as those required by UL 1741 SB/1547-2018. Also
consider how an interim adoption period will be implemented,
allowing for 1547-2018 compliance before the deadline. Widely
available UL 1741 SB certified equipment is expected on the
market by around April 2023 (dependent on several factors).
More information is available on IREC's research on equipment
availability.3 [MTGS II]

DO 1a-1: Comply with IEEE 1547-2018 beginning [some date
before April 1, 2023].

DO 1a-2: Comply with IEEE 1547-2018 beginning ~April 1,
2023 or a later date.

DO 1a-3: Comply with IEEE 1547-2018 when the equipment is
readily available (TBD by Commission action).

DO 1b-1: Base compliance date on application submission
date.

DO 1b-2: Base compliance date on installation date (may be
useful for larger projects with long lead times).

DO 1b-3: Differentiate compliance date mechanism between
smaller and larger projects.

oy ol o o oflg

DO 1c-1: Allow interim compliance with IEEE 1547-2018
beginning immediately.

0

DO 1c-2: Define another interim compliance pathway.

0

@IREC






More Guidance Available

MAKING
THE GRID

See NREL for further resources:
https://www.nrel.qgov/grid/ieee-
standard-1547/

SMARTER

State Primer on Adopting the
New IEEE 1547-2018 Standard for
Distributed Energy Resources

TOOLKIT & GUIDANCE FOR THE
INTERCONNECTION OF ENERGY STORAGE

& SOLAR-PLUS-STORAGE
MARCH 2022

Available at: Available at:
https://irecusa.org/resources/making-  hitps://irecusa.org/programs/
the-grid-smarter-primer-on-adopting- batries-storage-
the-new-ieee-standard-1547-2018/ interconnection/
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Rule vs. Manual

y

M Commission Oversight
- Authority Governing Interconnection Requirements (AGIR)
- Stakeholder engagement
- Goal-directed (e.g., voltage regulation to increase hosting capacity)

I Flexibility
- Evolution of the grid
- Locational specificity

Ml Default settings/functions
- Statewide
- Utility specific

@IREC
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Scheduling and Prioritization of Topics

&y

N Stakeholders:
- Involve as many as early as possible
- Manufacturers and developers need lead time to transition

M Scheduling:
- What is the timeline for implementation vs. the schedule of the workshop?
- Does this timeline coincide with efforts in other WGs (screens/processes)?

I Prioritization:
- Matrix is in general order of priority
- Consider state’s minimum goals

@IREC






Priority Decision Options






Adoption Timeline
&y P

April 2018

@IREC

May 2020 Aug 2020

+ |[EEE publishes « UL updates 1741
1547.1 2020 allowing start of

DER testing and
certification

It is challenging to get certified equipment to market in less than 18 months.

Sept 2021

« UL1741SB is
revised to full in
1547.1 gaps

NEW

12






Adoption Timeline
4

Weeks | Expected _ Certifications Over Time - Feb 2023
Accumulation
z 120.0%
0 0.0% g "
18 1.9% 80.0%
36 12.3% 60.0%
54 47.1% T
20.0%
72 67.1%
0.0% @
90 80.6% 0 50 100 150 200 250
108 84 5cy Weeks from Jan 1, 2022
D%
216 1000% —&— Expected —@—Oneyear —@—Actual

Chart shows cumulative certifications for each NRTL testing pathways over time. Vertical line represents one year
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Adoption Timeline — What Are Your Options?

@REC

When is
dimplementationfg
Date

What is the
Compliance
based on

Interim
Compliance

Comply with 1547 beginning [some dates before April 1, 2023]

Comply with 1547 beginning April 1, 2023, or a later date

Comply with 1547 when the equipment is readily available (TBD by Commission action)

Application submission

Installation date (useful for larger projects with long lead times)

Differentiate compliance date mechanism between small/larger projects

Allow interim compliance with 1547 beginning immediately

Define another interim compliance






’ Abnormal Operating Performance Categories

Why abnormal category matters

« Bulk system reliability will be more dependent on DER, and massive tripping could cause
instability
« DER should ride-through transmission faults that are quickly cleared

med  \What are the three categories

« Cat I: minimum capability needed to support bulk grid
« Cat Il: much improved capability for high-penetration
« Cat lll: Extreme ride-through, including distribution grid effects (e.g., FIDVR)

mmm More on why this matters

« Some equipment may not be able to achieve higher levels of capability

The Authority Governing Interconnection Requirements (AGIR, typically the utilities commission) should
integrate bulk system needs into selection of the Abnormal Category. Consider specifying category

assignment based on technology type.

@IREC
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1.30 :
| may ride-through 0 ﬂk s | L
or ma trip ] ; hall tri
T T MR Y | 1.20 p.u.
L y
.Permlssnveﬂperatwn Capablhty ; R k| ri erh ugh 13s
1,10 - t—————————————————————— ey — — — — — = e =
1 1.10 p.u.
’ {subject to requ:rements of clause 5)
0.90 - i 088p.u
2% RS BRI ONY 0.88 p.u. L
080 may ride-through or may trip
3
g 070 oI e === e
% ' Permissive Operation 2s 21s Legend
> | oo |
0L :;z;,;.;.;,;,;,C;S!??;?;',';',‘;Y;,;,;,;,;,;,;:;:; <> range of allowable settings
050 Beiiiisrienisnsnansnniid 0.16s O default value i
0.45 pju. 0.50 p.u. e
- may ride-through 0.165 i S shall trip zones
] or may]trip 0.16s |:| may ric_.ie-through or
0.30 ‘ may trip zones i
1 E shall ride-through zones
0.20 and operating regions n
] describing performance
0.10
1 0.00 p.u 0. ;#.u.
0.00 ?o

0.01 0.1 1 10 100 1000

Time (s)
§ IR E( (cumulative time for ride-through and clearing time for trip)

Figure H.7 of IEEE 1547-2018






17

1.30

Abnormal Performance, Voltage — CAT Il

/A

H
-
-
N 0!
z S 8
1 1 1 1 1 o
1 q @ 2
H g
I | B 3 9
! @ c2c
i ﬁ = ot g
o N O
i | @ b= c®E
2 a £ R
1 & | 2 ¢ 38 ow%
> <) kY c - c =< a
o 1 ] ! = 2 o £6 £=
= £ © © N ¥ g 7 @ Qo
- ] — > o O g Y5E
= -0- [=} - = T .= B a o
£ i < g 3 ¥ tb ToFE
o0 @ = > > = O
— .|j = - ] © @© @ T o m
Q (]
1 m | & v & EE & & =
! £ | s
] 0
i 3 | 9 H o _H_
1 = _,
3
! E
| 3 » 5 3
- — 2
« 1 ~N ®
0 3 i 8
- — o 2 0.
i - S
'
i
g | i
> o '
1 R ]
S AR I
o 5 [eialelial
=) g RTICIH
&
hal 1 v
- o RS
: om0
i e
B w e
oy 28 e
= el
z| 3's g
= e A
8 R EK ~ 308
= g 93 O O
~E3] &§ EORE § -
—— — Y a_m R - W -
| = g'e B <t ) & =
sl &3 cgigiiErn g gEllg thi e
U o -] 4 e I R [T
. X 218 0 - DIEIBERREN St < T DO AR 3le
Y R g CEI R e i Bl
WA wre I SEEHHEN St - e S 1kl
= & 2 .m % . D IO T B ARSI RIS n.- ©
$afa] @8 poooiinpmg oo 818
3B E|E S8 SR @ sl > 5
-~ 51 o & T B NN ©
g = I B vy [ -
£ (e 1 g G
: : T o
. e e - : . v e
] 2 8 &8 8 R 8 & § ! R’ 2 8
— — — o o o o o o o o o o
('n"d) adeyjop

Time (s)

(cumulative time for ride-through and clearing time for trip)

Figure H.8 of IEEE 1547-2018

@IREC





Abnormal Performance, Voltage — CAT lli
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Abnormal Performance, Frequency — CAT I, I, 1l
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’ Normal Operating Performance Categories

Why normal category matters

+ Voltage regulation capability

« DER should mitigate voltage effect on distribution system, through changes in reactive or
active power

el What are the two categories

« Cat A: Minimum capability needed to support voltage, allowance for rotating machines
- Cat B: Better regulation capability for high-penetration

mmmm More on why this matters

» Some functions are not required for Cat A

Consider specifying category assignment based on technology type.

@IREC






Cat A/B Set the Stage for Reactive/Active Power Control
& Functions

DER category Category A Category B

Voltage regulation by reactive power control

[Constant power factor mode | Mandatory Mandatory

Voltage—reactive power mode® Mandatory Mandatory
Active power—reactive power mode® Not required Mandatory
Constant reactive power mode Mandatory Mandatory

Voltage and active power control
Voltage—active power (volt-watt) mode Not required Mandatory

aVoltage-reactive power mode may also be commonly referred to as “volt-var” mode.
bActive power-reactive power mode may be commonly referred to as “watt-var” mode.

Table 6 of IEEE 1547-2018

@IREC
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Voltage Regulation Considerations

N |EEE 1547-2018 default is the constant power factor mode with PF=1

* e, no reactive power = no voltage support

Il \oltage regulation works best if all/most DER are participating

Bl States/utilities to clarify which voltage regulation function DERs should
use; adjust from Standard defaults accordingly

I Potential for DER customer impacts

@IREC






=+ Volt-Watt Activation and Settings

= Why it matters

- Volt-watt mitigates high voltage outside Range B caused by backfeed
- Could be considered mitigation alternative to secondary upgrades

- Potential to cause major financial losses for owner
Activated by default
I |
Not activated

Utilize 1547 defaults

— Default settings —I:

Other settings

@IREC
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VROS - total curtailment

Volt-Watt Curtailment 2

-
w

=3

Ensure complaint process handles

% PV energy Curtailed

DER complaints appropriately

=3
w

00

400

Consider reporting on how many I
voltage-based curtailment issues Method 1 — V-W curtailment

arise

Consider metric based on voltage
data to determine potential for
curtailment :

N i

0 2 4 6 £ 100120 140 160 180 200 20 20 260 280 %0 20 30 %0 20
Customer ID

Credit: NREL
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Summary Results for Utility (or Pending) Mitigations

NREL Methed 1 Estimation of |# of Customers with1  |# of Customers with 1
Curtailment % year Curtailment % month Curtailment %
<2% 15 10
>2%< 4% 0 1
>4% 4 8
Total 19 19
Summary Results for Customer Issues
NREL Method 1 Estimation of |# of Customers with1 |# of Customers with 1
Curtailment % year Curtailment % month Curtailment %
<2% 16 15
>2%< 4% 2 0|
>4% 0 3
Total 18 18

Worst Case Customer (>5% Curtailment) Voltage Histograms
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Volt-Watt Curtailment Reports

== California Experience —

* PG&E (largest IOU) reported only 9 customers with potential yearly
curtailment >4%

* Worst yearly potential loss reported was 38.7% (failing distribution
transformer)

* Next highest was 7.3%

* |t appears true that volt-watt is unlikely to cause widespread
curtailment, but individual customers can be highly impacted

@IREC
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Long Term Decision Option Examples
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DER Communications/Control Roadmap

sl |dentify strategy and goals for deploying comms over time — What to consider? —

* Timeline for utilization of monitoring data, changes to autonomous function
settings, scheduled function changes, and continuous direct control.

* Deployment for larger systems versus numerous small systems
« Utility communications infrastructure versus DER aggregator model.

@IREC
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Ongoing Reevaluation of Default Settings

@REC

Settings review

=l\/0oltage regulation researchfgg

Collect field data, perform modeling, and present findings at regularly
scheduled meetings once IEEE 1547 2018 compliant DER systems
have had significant time in the field. Determine if default settings

should be updated

Do not review effectiveness of fielded DER settings

Regularly review nationally available research on voltage regulg
deployment to determine if adjusted DER settings or voltag
regulation practices may be desirable

Do not review DER voltage regulation research
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If you have any questions, contact:

Brian Lydic
Chief Regulatory Engineer | IREC
brian@irecusa.org
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Decision Options Matrix for IEEE 1547-2018 Adoption

IREC’s Decision Options Matrix is intended to be a resource for Public Utilities Commissions, utility personnel, and other distributed
energy resource (DER) stakeholders interested in adopting and implementing IEEE 1547™-2018 in their jurisdictions. The matrix includes a
list of Decision Options (DOs) that stakeholders should consider before implementing the updated standard. The DOs provide step-by-
step guidance on incorporating the updated standard into interconnection rules and procedures. The matrix translates technical content
within the standard, as well as related issues, into easily digestible decisions that impact DER interconnection reviews and operations
(e.g., timeline, voltage regulation, interoperability). The matrix includes over fifty distinct decisions, organized into three IEEE 1547-2018
adoption categories, namely:

A. Near-term items (actions needed as first steps in the adoption process),

B. Mid-term items (actions that should, for the most part, be taken before the implementation date), and

C. Long-term items (actions that may be taken after the implementation date, may require a formal roadmap, or may require ongoing
reevaluations).

It may take more than six months for a working group to select the near-term DOs, including education, discussion, and formalization of
consensus. Further time will then be needed for the Commission to take related actions. This matrix can be used to help guide the
schedule of working groups and select a feasible implementation date. Its use should help streamline the adoption of IEEE 1547-2018 and
provide a means to transparently communicate key decision points. Users can download the matrix and use the DO items to
communicate and keep track of key decisions. Users may also tailor the matrix and its DOs to their respective jurisdiction and
preferences (e.g., color code individual DOs based on whether such decision falls within interconnection rules and procedures versus a
utility interconnection handbook/manual). IREC’s publication Making the Grid Smarter: Primer on Adopting the New IEEE 1547™-2018
Standard for Distributed Energy Resources (“MTGS”)' dives deeper on many of these topics; references to relevant sections of the paper
are given in brackets. Other references are mentioned as needed. Notably, The Toolkit and Guidance for the Interconnection of Enerqy
Storage and Solar-Plus-Storage (“BATRIES Toolkit”)? offers potential solutions for several DOs.

If there is only a single decision to be made for a particular topic, then one of the numbered options should be selected. When there are
multiple decisions, these are indicated by letters (i.e., 1a, 1b, 1c) and one numbered option should be selected for each letter. The Matrix
may be updated from time to time as more states adopt the standard and experience is gained.

' https://irecusa.org/resources/making-the-grid-smarter-primer-on-adopting-the-new-ieee-standard-1547-2018/
2 https://energystorageinterconnection.org/
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A. Near Term

Adoption timeline

Equipment listing to UL 1741 SB certifies conformance with 1547-

DO 1a-1: Comply with IEEE 1547-2018 beginning [some date

2018 for inverter-based resources and some other before April 1, 2023]. ]

interconnection equipment. Consider certified equipment DO 1a-2: Comply with I[EEE 1547-2018 beginning ~April 1, 2023 0

availability, the use of UL 1741 SA certification in the interim (if or a later date.

needed), and whether naming a certain date is necessary before | pQ 1a-3: Comply with IEEE 1547-2018 when the equipment is O

certified equipment is widely available. Compliance readily available (TBD by Commission action).

requ'lren'qents are'us'ually e On theolnterconnecnon DO 1b-1: Base compliance date on application submission date. ]

application submission date. Some projects have long

interconnection review and lead times and may not be installed | DO 1b-2: Base compliance date on installation date (may be O

until long after the application date. A mechanism to require useful for larger projects with long lead times).

some of those projects with earlier application dates to be 1547- | DO 1b-3: Differentiate compliance date mechanism between ]

2018 compliant once installed could be beneficial for grid smaller and larger projects.

support. Installed MW with 1547-2018 compliance could be DO 1c-1: Allow interim compliance with |IEEE 1547-2018 O

increased if compliance is based on installation date. However, beginning immediately.

this may be challenging for developers from a planning DO 1c-2: Define another interim compliance pathway. O

perspective, as they may have to specify equipment that is not

yet certified for 1547-2018. This issue may be mitigated if UL

1741 SA compliant inverters are utilized, which can have similar

features as those required by UL 1741 SB/1547-2018. Also

consider how an interim adoption period will be implemented,

allowing for 1547-2018 compliance before the deadline. Widely

available UL 1741 SB certified equipment is expected on the

market by around April 2023 (dependent on several factors).

More information is available on IREC’s research on equipment

availability.? [MTGS II]
Abnormal operating | Consider input from transmission operators or regional reliability | DO 2-1: IEEE 1547-2018 Category Ill Ride-Through capabilities ]
performance coordinator when assigning ride-through categories, plus local must be supported for inverter-based DERs. Rotating DERs must
category distribution utility protection practice. Since there can be conflict | meet Category | Ride-Through capabilities, at minimum.

between distribution utility desires and bulk system reliability, DO 2-2: [EEE 1547-2018 Category Il Ride-Through capabilities O

1547-2018 designates oversight of this selection to the Authority
Governing Interconnection Requirements—often the Public
Utilities Commission. [MTGS V.A]

must be supported by inverter-based DERs, at minimum.
Rotating DERs must meet Category | Ride-Through capabilities,
at minimum.

Shttps://irecusa.org/blog/regulatory-engagement/new-research-sheds-light-on-when-key-smart-inverters-will-be-available/

2




https://irecusa.org/blog/regulatory-engagement/new-research-sheds-light-on-when-key-smart-inverters-will-be-available/

https://irecusa.org/blog/regulatory-engagement/new-research-sheds-light-on-when-key-smart-inverters-will-be-available/



REC

Normal operating The selection of A or B will impact the use of voltage regulation DO 3-1: Inverter-based DERs must meet reactive power O
performance controls. Some DER types cannot meet the full scale of reactive | requirements of 1547-2018 Category B. Rotating DERs must
category power support. Consider specifying category assignment based | meet Category A, and may meet Category B.
on technology type. [MTGS V.A] DO 3-2: All DER types (inverter-based and rotating) shall meet O
reactive power requirements of 1547-2018 Category A, and may
meet Category B.
Alternative If a technology that cannot meet the specified Abnormal or DO 4-1: Define process for how exceptions to these category O
performance Normal Operating Performance Category, a defined process assignments are handled (e.g., for an inverter-based technology
category may be useful for determining if the technology can safely that cannot meet Category lll capabilities).
interconnect without unduly impacting grid support DO 4-2: Leave process undefined for how exceptions to these
requirements. category assignments are handled.
Voltage trip settings | Consider local distribution utility protection practices and make DO 5-1: Align default settings with 1547. |
and ranges sure appropriate trip settings are selected. As desired, select DO 5-2: Select other default settings within 1547 ranges of O
default settings or settings within the adjustable range. Trip adjustment.
settings should not hinder ride-through capability required at the
transmission level.
Frequency trip Ensure that the under/overfrequency trip settings are DO 6-1: Align default settings with 1547. ]
settings and ranges | coordinated between the utility and transmission operator. As DO 6-2: Select other default settings within 1547 ranges of [
desired, select default settings or settings within the adjustable adjustment.
range. Trip settings should not hinder ride-through capability
required at the transmission level.
Frequency droop? This capability is required for all DERs (with some limitations on DO 7-1: Align default settings with 1547. ]
settings Category | types) during the under/overfrequency conditions. DO 7-2: Select other default settings within 1547 ranges of O
Consider using default settings or adjust within ranges of adjustment.
allowable settings. Consider input from transmission operators
or regional reliability coordinator. [MTGS V.A]
Voltage regulation If desired, consider activating a non-unity power factor, volt-var, | DO 8a-1: Adjustable constant power factor is activated. O
modes by reactive watt-var, or constant var function. See PNNL research on DO 8a-2: Utilize volt-var without autonomously adjusting Vrer. O
power® a.utgnomo?sly adju,Stinngref'G Also, consideéztatewide (or DO 8a-3: Utilize volt-var with autonomously adjusting Vier. O
similar) default settings for such mode. [MTGS V.B, VI] DO 8a-4: Watt-var is activated. O
DO 8a-5: Constant var’ is activated. O]
DO 8b-1: Align default settings with 1547. ]

4 Per IEEE 1547-2018, this function cannot be disabled.
5 The voltage support functions by reactive power (constant power factor, volt-var, watt-var, constant var) are mutually exclusive. By default, these functions are deactivated—meaning
certified equipment will come “out of the box” to operate at unity power factor.
6 McDermott T.E., and S.R. Abate, Adaptive Voltage Regulation for Solar Power Inverters on Distribution Systems, In IEEE 46th Photovoltaic Specialists Conference (PVSC 2019), June
16-21, 2019, Chicago, IL, 0716-0723, IEEE, doi:10.1109/PVSC40753.2019.8981277
7 Note: Constant var mode is only required for normal performance Category B.
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DO 8b-2: Select other default settings within 1547 ranges of ]
adjustment.
DO 8c-1: Specify process for selecting settings on site-by-site O
basis (e.g., as determined through system impact study).
DO 8c-2: Leave process for selecting settings on site-by-site O
basis undefined.
Voltage regulation If desired, consider statewide (or similar) activation of volt-watt DO 9-1: Volt-watt® is activated with default 1547 settings. O
modes by active function (with default setting). Notably, the utilization of volt-watt | pO 9-2: Volt-watt is activated with non-default settings. 0
power® will require changes to the interconnection applications forms DO 9-3: Volt-watt is not activated 0
(online portals) to allow an applicant to specify how volt-watt is '
implemented. [MTGS V.B, VI]
Interconnection rule | Update the interconnection rule to be inclusive of IEEE 1547- DO 10a-1: Change 1547 date and title in standards references. O
2018. To be clear which version of a standard applies and when | pO 10a-2: Leave 1547 standard reference undated. O
I tgkes effect, it IS recqmmended that stan;lards be datgd L DO 10b-1: Define timeline for adoption of new requirements in ]
edition number, if applicable), and that the implementation date line with IEEE 1547-2018 per DO 1
is made clear either within the rule or by Commission order. In DO 10b-2: Leave timeline for adoption open dependent on, e.g., O
addition to implementing adoption of the standard within the Commission order (in line with DO 1a-3)
rule, requirements or references to other standards that are now DO 10¢-1: Undate apolicable bower ua;lit or other references O
addressed by IEEE 1547 should be updated to be inclusive of - P PR bC 9 5 y .
, . . ) . . (such as IEEE 519 or IEEE 1453 in SGIP’s Supplemental Review
1547’s requirements. Note that this latter issue is reflected in DO .
. L Voltage and Power Quality Screen) to IEEE 1547-2018.
10c, and only one decision option is offered.

What to Consider Decision Option (DO) Description Utilize?
B. Mid Term

Reference point of | Consider process related improvement that allows RPA DO 11-1: Require RPA to be noted in the application forms and use O
applicability (RPA) designation by applicant and for utility to review. This may RPA recommended language from Appendix E and F of BATRIES

involve changes to application forms (such as online application | Toolkit as a starting point.

portals), initial review processes, and provisions to allow RPA DO 11-2: Specify elsewhere how the RPA information is 1

review/discussion during the scoping meeting. [MTGS IV] processed.

DO 11-3: Do not introduce new requirements related to the RPA. O

Enter service It is important to consider whether non-default enter service DO 12a-1: Utilize 1547 default settings for voltage range, ]
settings settings are preferred for voltage and frequency ranges, delay frequency range, reconnect delay, and ramp duration.

time, and ramp rate. The standard allows for the duration of DO 12a-2: Specify default settings within the ranges allowed by O

enter service period (ramp rate) to be adjustable over 1-1000 1547.

8 The voltage support by active power (volt-watt) is deactivated by default—if desired, consider statewide (or similar) default setting for volt-watt.
® Note: Volt-watt mode is only required for normal performance Category B.
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seconds with a default time of 300 seconds. For DERs less than | DO 12b-1: Give further guidance on how randomized delay times O

500kVA, individual DER units may use a randomized time delay | are to be used for DERs smaller than 500 kVA (consider

with a default maximum interval at 300 seconds as an application form addition).

alternative to ramping. It is likely even the smallest inverter- DO 12b-2: Leave process for randomized delay selection O

based DERs can utilize the enter service ramp. Enter service undefined for DERs smaller than 500 kVA.

ramp rate is also known as connect/reconnect or soft start ramp

rate. Given that DERs would ramp up upon reconnection with a

default period of 300 seconds, consider whether the default

delay of 300 seconds can be shortened.
Utility-required Finalize URP with all default settings and consider posting that DO 13a-1: Utility to create and post URP of default settings. O
profile (URP) in the EPRI URP database™ (publicly available). Implement use DO 13a-2: Do not create and post URP of default settings. N

of EPRI’sﬂCommon File Format for DER Settings Exchange and DO 13b-1: Utility to implement use of common file format to O

Storage.” [MTGS IV, V] transmit specified settings to customer and verify applied settings.

DO 13b-2: Do not implement common file format. ]

Requirements for For end-of-life or other equipment replacements, define DO 14a-1: Allow replacement equipment to match the certification O
replacement units whether or not the most recent technical requirements, and technical requirements of originally evaluated and installed

certifications, and settings must be followed. It could be equipment. Require settings to match those specified in the

beneficial to ensure that “legacy” interconnection equipment Interconnection/Operating Agreement.

(such as an inverter) is upgraded to the most recent standards DO 14a-2: Require replacement equipment to conform to ]

over time. However, warranty replacements are usually like-for- | certification and technical requirements of rule in effect at time of

like and should be accommodated. Additionally, DER owners replacement. Make exception for warranty work (and potentially

may keep spare parts on hand for future use to limit downtime for previously acquired equipment). Require settings to match

during repair. Contractual obligations for notifying the utility of those specified in the Interconnection/Operating Agreement.

equipment changes and the requirements for updated DO 14a-3: Require replacement equipment to conform to O

equipment should be clear at the time of interconnection. Note | certification and technical requirements of rule in effect at time of

that “material modification” guidelines could be developed to replacement. Make exception for warranty work (and potentially

ensure an easy transition to new equipment and note under for previously acquired equipment). Require settings to match

which circumstances further evaluation must be conducted by those specified by the utility or default URP at the time of

the utility. [MTGS VI] replacement.

DO 14b-1: Update definitions of material modification for already O

interconnected DERs. Establish when notification or further
evaluation (and related fees) must occur, dependent on
replacement type and power specifications.

10 https://dersettings.epri.com/

" Common File Format for Distributed Energy Resources Settings Exchange and Storage, EPRI (December 2020), https://www.epri.com/research/products/000000003002020201
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DO 14b-2: Leave material modification process unchanged or O
undefined.
DO 14c-1: Establish process for determining changes to settings ]
when replacement equipment is updated.
DO 14c-2: Do not define process for determining changes to O
settings when replacement equipment is update.
Standard As required, include provisions for adhering to required DO 15a-1: Update standard interconnection agreement to meet [l
interconnection functional settings and updating settings or equipment over contractual obligations (operating requirements) regarding
agreements time. functional settings.
DO 15a-2: Do not update standard interconnection agreement to O
meet contractual obligations regarding functional settings.
DO 15b-1: Update standard interconnection agreement to meet
contractual obligations (operating requirements) regarding future
replacement equipment (see DO 14a).
DO 15b-2: Do not update standard interconnection agreement to O
meet contractual obligations regarding replacement equipment.
Application forms Update application forms (including online portals) for the DO 16-1: Update application forms (use recommended language
following items: from Appendix F of BATRIES Toolkit as a starting point).
o RPA selection DO 16-2: Do not update application forms.
e Enter service randomized delay
e Volt-watt implementation
e Limit active maximum power function implementation
e Frequency droop implementation
e |Intentional islanding
e Emergency backup systems
e DER communication capabilities
e Export/import limiting
e Power control systems (PCS)
e Inverter fault current
Volt-watt Volt-watt can have an impact on the DER customer’s energy DO 17a-1: Ensure volt-watt curtailment complaints are tracked ]
process/reporting production. Curtailment is based on utility voltage that the through the utilities’ voltage/power quality complaint process.
customer has no control over. Consider a reporting process to DO 17a-2: Do not specify a process to track volt-watt curtailment O
understand if volt-watt curtailment becomes an issue for complaints.
customers now or in the future. [MTGS V.B] DO 17b-1: Implement a reporting process to Commission to review O
volt-watt complaints on a regular basis (e.g., yearly).
DO 17b-2: Do not implement a reporting process. O
Normal ramp rate The normal ramp rate is used when transitioning between DO 18a-1: Normal ramp rate certification is required, and ranges of (|

power output levels over the normal course of operation. This

adjustment are specified.
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capability is based on UL 1741 SA certification (not UL 1741 SB). DO 18a-2: Normal ramp rate capability/certification is optional, O
Consider whether the capability may be utilized (if available). and ranges of adjustment are specified.

Though not required by IEEE 1547-2018, this feature may be DO 18a-3: Normal ramp rate is not required or specified. O
useful to avoid rap.id voltage changes, especially for energy DO 18b-1: Normal ramp rate is not activated by default. 0
storagg technologies. Per CA Rule 21, the ~default \{alue is 100% DO 18b-2: Normal ramp rate is activated by default using 0
of maximum current output per second (with an adjustable specified settings.

range of between 1% to 100%). At the moment, testing only

supports verification of upward ramping (for increases in

power), which PV systems can support. Storage systems could

also support downward ramping (for decreases in power), but

verification tests in UL 1741 SA do not yet evaluate this

direction. This ramp rate could interfere with frequency support

or matching load via a power control system, so prioritization or

exceptions may be needed for implementation.

Nameplate ratings Consider addressing nameplate rating issues related to volt- DO 19a-1: Provide guidance on volt-watt implementation, i.e., ]
watt, limit maximum active power, and frequency droop. The whether the DER unit(s) implement volt-watt based on the same or
interconnection application forms may need to allow applicants | different per-unit curves, and individual or total nameplate ratings
to describe how the functions are achieved. (see BATRIES Toolkit Chapter VIII™ and IEEE 1547.2).

DO 19a-2: Do not provide further guidance on volt-watt

nameplate ratings designation.

DO 19b-1: Provide guidance on how limit maximum active power O
function is implemented i.e., via PCS, via plant controller, or other

means (see BATRIES Toolkit Chapter VIl and IEEE 1547.2).

DO 19b-2: Do not provide further guidance on how limit maximum

active power is implemented.

DO 19c¢-1: Provide guidance on frequency droop implementation,

i.e., whether the DER unit(s) implement frequency droop based on
individual or total nameplate ratings (see |IEEE 1547.2).

DO 19c¢-2: Do not provide further guidance on how frequency O
droop is implemented.

Communication Consider specifying protocols and ports if known and of DO 20a-1: Specify protocol(s) to be used at the DER interface or O

protocols and ports | interest to utilities at this time. Requirements for having the aggregator.
necessary communications equipment (e.g., gateway with a DO 20a-2: Specify protocols and/or ports to be used at the DER ]
specific port) could cause DERs to include “stranded” interface or aggregator.
equipment that is never used if it is never connected to a DO 20a-3: Do not specify protocols or ports at the DER interface O

communications system. On the other hand, having the

or aggregator.

2 https://energystorageinterconnection.org/viii-incorporating-updated-interconnection-standards-into-interconnection-procedures/
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equipment installed ensures that it is available to connect at a DO 20b-1: Specify that systems which require “telemetry” must O
future date, if desired. See communications/control roadmap in | comply with communication equipment requirements.
the Long-Term topic. [MTGS V.C] DO 20b-2: Specify that systems of all sizes must comply with O
communication equipment requirements.
DO 20b-3: Implement equipment requirements in the future when ]
ready to implement 1547-standardized communications.
Interconnection The Fast Track,™ Supplemental Review (SR), and detailed study | DO 21a-1: Update “shared secondary transformer screen” based O
screens and study interconnection review processes should be updated to reflect | on likelihood of overvoltage occurring with default voltage
IEEE 1547-2018. The existing Fast Track includes: regulation settings.
e The “shared secondary transformer screen,” which may | DO 21a-2: Do not update screen. Keep screen conservative as is. O
not reflect voltage regulation (e.g., volt-var settings) DO 21a-3: Determine alternative methods for screening O
activated by the DER overvoltage risk with voltage regulation.
e The “line configuration screen,” which may not DO 21b-1: Update line configuration screen to treat inverters and ]
recognize the difference between inverters vs. rotating | rotating machines distinctly (see BATRIES Toolkit Chapter VIII).
machines [MTGS V.D] DO 21b-2: Use existing or alternative line configuration screens. 0
. . o . . Y DO 21c-1: Revise Supplemental Review to include new grounding |
For projects that fail the existing “line conflguratlo.n screen, SR review for three-phase inverters based on line-to-neutral
may Iagk new or alternate ways to evaluate effective grounding connected load (see BATRIES Toolkit Chapter VIII).
or provide means to properly evaluate the need for DO 21c-2: Revise Supplemental Review to utilize a tool to O
supplemental grounding [MTGS V.D]. determine supplemental grounding needs for inverters (see
- . . . BATRIES Toolkit Chapter VIII).
Similarly, screening for “inverter fault current” needs updating DO 21¢-3: Use existin It m ai - 5 =
e . g g or alternative grounding review practices.
to reflect 1547.1 certification testing. Inverter manufacturers may - - — -
have additional information supplied by 1547.1 certification DO 21d-1: Review practices fqr provision of inverter fault current ]
testing that indicate fault values (fault current test data). Where | (€St data (see BATRIES Toolkit Chapter VIIl). _
fault current values are made available through test PO 21d-2: Rely on existing or undefined practices for determining ]
certification, it should be understood and agreed if review inverter fault current values. : :
practices (for screens and detailed study) can utilize such data. DO 21e-1: Review flicker, RVC, and other power quality screening U
practices to ensure they are in alignment with the standards, as
In addition, best practices for rapid voltage change (RVC) and well as best practice.
flicker evaluation should be developed. While DO 10c-1would DO 21e-2: Leave power quality screening practices undefined C

update the power quality references in the Supplemental
Review Voltage and Power Quality Screen, the actual practices
used to evaluate these issues have previously been left
undefined. It is likely that utilities across the U.S. utilize varying
practices, some of which may be unnecessary or overly
conservative. For instance, EPRI has found that it is largely

and open to interpretation.

'3 Note: Fast Track is the terminology used in SGIP and some states to categorize the second tier of interconnection reviews. Other states refer to such second-tier process as “Level

2
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unnecessary to perform flicker screening for PV systems." It is
advised that Public Utilities Commissions review these
practices to ensure current learnings and the requirements of
IEEE 1547-2018 are taken into account appropriately. [MTGS
V.D]

Export control and | While not strictly required for IEEE 1547 adoption, export DO 22a-1: Include specific technical and certification O
power control controls and power control systems (PCS) may be used for requirements for export controls and PCS in the interconnection
systems (may be some aspects of IEEE 1547 implementation, including RPA rule (see BATRIES Toolkit Chapter [1I'®).
optional or long- selection, volt-watt implementation (see DO 18a-1), and limit DO 22a-2: Leave technical and certification requirements for O
term) maximum active power implementation (see DO 18b-1), in export controls undefined.
addition to other interconnection or tariff-related reasons. DO 22b-1: Add information on PCS and export limiting equipment O
These export controls can be considered part of the to application forms (see BATRIES Chapter VIII).
interconnection system, and certification or compliance with DO 22b-2: Do not update application forms with export controls i
certain requirements could be considered necessary in certain information.
“fast track” or “simplified” interconnection processes. [MTGS DO 22c-1: Implement other elements of BATRIES Toolkit export O
V.H, BATRIES Toolkit] control recommendations (e.g., Chapters 11, [\, VI, VVII,™ [X2).
DO 22c-2: Do not implement other BATRIES Toolkit elements at O
this time.
C. Long Term
DER Identify goals and strategies for deploying IEEE 1547 DO 23-1: Establish a formal roadmap development process to O
communications/ standardized communications/control of DERs over time. take into account Commission’s, stakeholders’, and utilities’ DER
control roadmap Consider timeline for utilization of monitoring data, changes to management goals.
autonomous function settings, scheduled function changes, DO 23-2: Allow individual utilities to determine needed O
and continuous direct control. Consider deployment for larger communications investments based on internal DER management
systems versus numerous small systems, and utility goals without external direction.
communications infrastructure versus DER aggregator model. DO 23-3: Avoid directive management of communications O

Will communications infrastructure, DER equipment

deployment.

' Xiaojie Shi et al., Can Photovoltaic Plants Cause Voltage Flicker? — Field Measurement and Screening, IEEE (June 2019) (“We found that PV ramping is too slow to cause light flicker
in cases measured. Even the relatively large PV installations do not contribute in a noticeable way because of relatively slow power output changes.”),
https://ieeexplore.ieee.org/document/8980601.

'S https://energystorageinterconnection.org/iii-requirements-for-limited-and-non-export-controls/
6 https://energystorageinterconnection.org/ii-updating-interconnection-procedures-to-be-inclusive-of-storage/

7 https://energystorageinterconnection.org/iv-evaluation-of-non-export-and-limited-export-systems-during-the-screening-and-study-process/
'® https://energystorageinterconnection.org/vi-improving-grid-transparency-through-hosting-capacity-analyses-and-other-tools/

9 https://energystorageinterconnection.org/vii-pathways-to-allow-for-system-design-changes-during-the-interconnection-review-process-to-mitigate-the-need-for-upgrades/

20 https://energystorageinterconnection.org/ix-defining-rules-and-processes-for-the-evaluation-of-fixed-schedule-der-operation/
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requirements, and protocols be harmonized to any degree
among utilities? How can investments in ADMS, DERMS, or
AMI?' be optimized to meet various goals? Consider the linkage
to grid modernization discussions. [MTGS V.C]

Communications
deployment

DER communications deployment is still nascent and best
practices for interconnection rules and technical requirements
are still in development. The decision option list at right is a list
of potential actions to consider, but is not intended to be
exhaustive. Consider the need to change the interconnection
rule’s “telemetry,” “SCADA?,” or “monitoring” DER size
threshold. What requirements apply to the DER
site/equipment? What actions need to be taken to adopt a DER
aggregator model? [MTGS V.C]

DO 24a: If not done previously, specify protocols and ports to be
used at the DER interface or aggregator.

DO 24b: Define equipment requirements for DER or aggregator,
and whether or not those apply to systems below the “telemetry”
size threshold.

DO 24c: Create or reference a guide for utilization of
communications protocol(s) (e.g., California Common Smart
Inverter Profile).

DO 24d: Update “telemetry” requirements to change size
threshold.

DO 24e: Update “telemetry” and/or other communication
requirements to reference IEEE 1547 communications
requirements.

DO 24f: Include certification/validation requirements for
communications equipment (e.g., California Common Smart
Inverter Profile).

DO 24g: Define standard aggregator requirements and
agreements.

Interconnection
agreement updates
for
communications/
control

As DER communications become deployed more widely,
standard interconnection agreements should reflect such
utilization. Control of the reactive power, volt-watt, limit
maximum active power, permit service, and other functions can
affect energy production/delivery and have financial
repercussions on the affected DER. It should be understood
and agreed as to how these functions will be used. These
aspects should be memorialized in the interconnection
agreement. A standardized agreement can be developed to
help establish expectations and limits while streamlining the
interconnection process.

DO 25a-1: Develop standard interconnection agreement
language to define whether a communications pathway is
required and of which type it will be (e.g., utility direct to inverter,
utility direct to gateway, or aggregator participation).

DO 25a-2: Establish communication requirements within each
individual interconnection agreement.

DO 25b-1: Define expectations for control in the standard
interconnection agreement (e.g., when and how long will the DER
be curtailed or controlled and over what range of adjustment for
specific parameters).

DO 25b-2: Establish expectations for control within each
individual interconnection agreement.

Prioritization vs.
export limiting

Export limits can potentially interfere with DER systems
providing full grid support capability. For example, a non-

DO 26-1: Create prioritization to be used for all export-limiting
DERs.

2 Advanced distribution management system (ADMS), distributed energy resources management system (DERMS), advanced metering infrastructure (AMI)
22 Supervisory control and data acquisition (SCADA)
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exporting storage system may not be able to fully increase
power output in line with frequency droop requirements for
underfrequency events if output would exceed local load. IEEE
1547-2018 does not address situations related to export limiting
in its prioritization of DER responses in subclause 4.7. Since this
can affect bulk grid reliability, seek input from transmission
operators or regional reliability coordinator when assigning
priority of functions. See discussion in |IEEE 1547.2.

DO 26-2: Allow utility and customer to agree on prioritizations for

each individual interconnection application as needed.

DO 26-3: Do not address prioritization for export-limited DERs
until national standards are established.

Ongoing Investigate whether fielded functional settings (voltage DO 27a-1: Collect field data, perform modeling, and present O
reevaluation of regulation and voltage/frequency settings) are optimized. findings at regularly scheduled meetings once IEEE 1547-2018
default settings Address the following: compliant DER systems have had significant time in the field.
e Are voltage regulation settings and trip settings Determine if default settings should be updated.
working well or should they be revised? DO 27a-2: Do not review effectiveness of fielded DER settings. O
e Are volt-watt issues present that need to be DO 27b-1: Regularly review nationally available research on O
addressed? voltage regulation deployment to determine if adjusted DER
e Are new insights available that can be leveraged to settings or voltage regulation practices may be desirable.
improve grid integration? DO 27b-2: Do not review DER voltage regulation research. O
Evaluation/ IEEE 1547-2018 and 1547.1-2020 contain expanded guidance DO 28-1: Update interconnection rule to address different O

commissioning

on how evaluation of DER systems should be performed and
what commissioning tests are to be completed. The different
options for type tests, DER evaluations, and commissioning
tests are dependent on the RPA of the DER system, whether or
not it is fully certified, and other factors. Interconnection rules
often do not explicitly require specific commissioning tests or
give direct guidance on how evaluations should be performed
by the utility. Utility handbooks may address commissioning in
more detail. [MTGS IV]

evaluation and commissioning concepts introduced by the
standards.

DO 28-2: Update utility handbooks to address evaluation and
commissioning.

DO 28-3: Do not address evaluation or commissioning updates.
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The ideas expressed are the views of the presenter(s), and not the Minnesota
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Minnesota Interconnection Update

Phase ll: TIIR

Technical Interconnection and

Phase I: MN DIP/DIA Interoperability Requirements consistent

Interconnection Process,
Applications, Agreements

with IEEE 1547-2018 DG Rate Guidance

(Interim Effective July 1, 2020) TeEnaing Cemsston hesi)
Full Effect pending Commission Notice of

(Effective June 17, 2019) “Readily Available” IEEE 1547-2018

3/15/23

Certified Inverters — Anticipated Fall
2023

Commission “maintains an ongoing DG Workgroup to meet annually, or more frequently
as needed, to review implementation and technical issues that arise with
implementation of the MN DIP, Minnesota DER Interconnection Agreement (MN DIA),

TIIR, or emerging DER technology.”
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MINNESOTA DISTRIBUTED ENERGY RESOURCE
INTERCONNECTION PROCESS (MN DIP)

Before/During

Interconnection Process
Cnterconnection @

Application
Utility determines
@ ...l  whether application
: is complete

|OC atlon aCtIVItles : DER Approved and @
@ “or |nterconpection |
E“g“]eeri“g Cost Estimate /

study process g

Application Interconnection - ;
screening agreement signed @

Tools for Interconnection Engrwecng,
identifying application or studies

process
Pre-application / \
Utility and customer
data process @ work ;roceeds

Hosting Substation
. 1. Construction of DER and
capac“y map DG (ueue any distribution upgrades needed

2. Inspection and testing witnessed
or reported to utility

Cost/complexity/time

3. Installation of metering

Level of information/accuracy 4. Utility grants permission

\ to operate /

\(/ A\
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Hosting Capacity Analysis —
Public Map and Pop-Up Details
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Location Matters for Interconnection

Feeders with
Capacity Constraints
(290% Feeder Rating)

apparent power the feeder is capable

of operating under at its origin point at

the substation. The summation of
daytime minimum load and

neneratinn nn the feeder rannnt
Capacity Constrained Feeders: 64

% of Total Feeders: 5.54%
% Constrained Last Month: 5.10%

Substations with
Capacity Constraints
(>90% XFMR Rating)

X INQ:

€ maximum apparen

power the substation transformer is
capable of operating under. The

summation of daytime minimum load and
generation on the transformer cannot

exreed this valiie
Capacity Constrained Substations: 63

% of Total Substations: 26.14%
% Constrained Last Month: 25.31%
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nAA nAANa

Feeders with Aggregate DER
2 DML

Any project connecting to feeders where the

aggregate DER is greater than or equal to the

Daytime Minimum Load (DML) will likely fail
the initial review per MN DIP screen 3.2.1.2.

Feeders with Aggregate DER 2 DML: 172
% of Total Feeders: 14.88%
% of Total Feeders Last Month: 14.97%
ALB021
ALB022
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ATWO061
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Feeders that have
received Notices
to date

Types of Notices:

Pre-MNDIP Substation or Specialized Study

MNDIP System Impact Study Phase Il Notice
MNDIP Dedicated Feeder Notice

"No Capacity Notice" Feeders: 12
% of Total Feeders: 1.04%
% Constrained Last Month: 0.87%
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Public Interconnection Queue and Substation/Feeder Information
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Initial Review
Screens
for Simplified and
Fast Track
Applications

3/15/23

MN DIP Interconnection Review

Supplemental System Impact
Review Study

when Application for Applications
fails Initial Review that fail
screens Supplemental
Review or do not
qualify or choose
Fast Track Review

Affected System
Study or
Transmission
Impact Study

if potential impacts
extend beyond
utility’s distribution
grid

https://mn.gov/puc  Facilities Study may also be conducted.
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Technical Interconnection and Interoperability

Requirements

e Until IEEE 1547-2018 certified equipment is readily available, allows
DER that meet IEEE 1547-2003. Utility and DER may agree to use UL
1741 SA settings.

e Statewide TIIR addresses issues identified in IEEE 1547-2018:
Performance categories, voltage and frequency ridethrough,
advanced inverter voltage regulation modes enabled/disabled,
interoperability capabilities. TIIR addresses issues not in IEEE 1547-

2018; such as, metering, protection requirements, signage/labeling.

o Utilities’ TSMs accessible to potential interconnection customers.
Rate-regulated filed with Commission and published online.

e Updated application templates with energy storage control modes;
Power control Systems (export); Volt-Var regulation; Volt-Watt
regulation unintended curtailments; operating agreement details.

3/15/23 https://mn.gov/puc 9
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TSG Recommendations — Interim to Full

 Aligned with ISO/RTO Guidance

* Encouraging use of Volt-Var but still allows for Constant Power Factor if utility
chooses

* Advanced Inverter Settings and Utility Required Profiles - workgroup
* Updated Utility Technical Specification Manuals - upcoming

* Training for Utility and DER Developers - ongoing

* Tracking inverter certification and modifications - ongoing

* Expectations for legacy equipment upgrades - ongoing

3/15/23 https://mn.gov/puc 10
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High Penetration Challenges and Trials

 March 31, 2022 Order Modifying Practices for Xcel Energy

* Expanded parallel processing of fast track and system impact study in areas with no known capacity
constraints. Attempt to expedite the queue from serial processing practice which waited until signed IA.

* Piloting mandatory Group Studies for areas with 3 or more applications greater than 40kW that cannot be
reviewed in parallel

 Established a Cost Sharing program for under 40kW systems. Customer pays $200 with application submission
and is eligible for up to $15,000 in distribution upgrades and supplemental review costs. Low-income
customers are exempt from the fee but can participate in the program.

* Requests the DGWG propose an independent, unbiased technical review process and a queue or policy
review process with the goal of reducing appeals to the Commission

* March 2, 2023 Decision — Order forthcoming

* TIIR allows interim use of advanced inverters with mutual agreement. Xcel announced plans to start in April
2023 and recommends customer identify in advance of SIS; restudy with advanced inverters as a mitigation
would be at cost of customer.

3/15/23 https://mn.gov/puc 11
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Ongoing TIIR Issues for DGWG

11. The Commission recommends the following items for discussion and eventual resolution through the DG
Workgroup:

a-

Energy storage control modes and harmonization of the language and structure of the energy storage
requirements in the operating agreements;

Determination of explicit treatment of distributed energy resources (DER) using Power Control Systems for
maximum capacity and export control in the Minnesota Distributed Energy Resources Interconnection Process
(MN DIP) and the TIIR document;

Evaluation of Voltage-Reactive Power Regulation in the TIIR;

Harmonization of the language and structure of voltage regulation considerations in the operating agreements
to the extent possible;

Harmonization of the language and structure of the communications operating agreements so as to not unduly
burden DER operators; and

Plan to reduce and/or track unintended curtailments due to Voltage — Active Power Control prior to

implementation. o
See Commission’s January 22, 2020 Order
3/15/23 https://mn.gov/puc 12
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Resources

https://mn.gov/puc/energy/distributed-energy/interconnection

Materials from the Technical Subgroup’s update of statewide TIIR (Phase Il):

https://mn.gov/puc/utilities/interconnection/

3/15/23 https://mn.gov/puc 13
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MY MINNEesSOTA

PUBLIC UTILITIES COMMISSION

Thank You!

Michelle Rosier

michelle.rosier@state.mn.us
651-201-2212
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Commission Order

January 24, 2017

The Commission hereby delegates authority to the Executive Secretary to issue Notice(s), set schedules, and designate
comment periods for the scope outlined in paragraphs 2 — 3 below. The Executive Secretary will, in cooperation with the
Department of Commerce, convene a work group of appropriate size and composition, and may select a facilitator, to develop
the record more fully.

The Commission will transition the Minnesota Interconnection Process to one based on the FERC SGIP and SGIA. The
Executive Secretary will set schedules and take comments. It is anticipated that the Commission will consider the record and
comments within 18 months of this order, to replace Attachments 1, 3, 4, and 5 to its 2004 Interconnection Standards in this
Docket. The Executive Secretary will use the Joint Movants’ May 12, 2016 filing, generally, as the starting point for comments.

In the longer-term (nine to twenty-two months), the Executive Secretary will set schedules and take comments on updating the
Minnesota interconnection technical standards. It is anticipated that the Commission will consider the record and comments
within 24 months of this Order, to replace Attachment 2 to the Commission’s 2004 Interconnection Standards. This stage of
work would incorporate newly revised national technical standards, and other issues identified as areas in need of updating.

The Commission hereby designates Commissioner Matthew Schuerger as lead commissioner pursuant to Minn. Stat. § 216A.03,

Subd. 9, with authority to help develop the record necessary for resolution of the issues, and to develop recommendations to
the Commission in this docket.





MN PUC Process Details

3 initial documents (FERC SGIP/SGIA, Joint Movants’ Red-line 1 initial document (Regulated Utilities’ Technical

of FERC; Dakota Electric Red-line of MIN existing stds) Interconnection and Interoperability Requirements Proposal)

15 organizations (engineers, regulatory staff, lawyers, 9 organizations (engineers, technical experts)

advocates)

5 full day In Person meetings— 1 year 8 half day web meetings — 7 months; 3 full day In Person
mtgs

Draft staff recommendations (4 rounds of comments) Edits as we go (~2 rounds of comments)

3/15/23 https://mn.gov/puc 17





Workgroup Topics & Timeline

2017 PHASE | In-Person Topics 2018 PHASE Il Web Meeting Topics
June 2 Pre-app report; Application requirements; Queue March 23 [Scope/Overview; Inventory of Definitions to Discuss
type & process; Material Modification Definition;
Fast Track; Site Control April 13 |Performance Categories; Response in Normal and
Abnormal Conditions; MISO Bulk Power System
July 28 | Definitions; Transmission Provider’s role;
Engineering screens; Study process; process May 18 |[Reactive Power and Voltage/Power Control
timelines/extensions; dispute resolution Performance; Protection Requirements
Sept 15 |Insurance; Disconnect Switch; metering; June 8 |[Energy Storage; Non-export; Inadvertent export;
Commissioning/inspection, testing, authorization; Limited export
Design, procure, install, construct
facilities/upgrades; advanced inverters Aug 24 |Interoperability (Monitor and Control Criteria);
Metering; Cyber security
Nov 3 Interconnection Agreement; process for updating;
Transition issues; any outstanding issues Sept 14 |Test and Verification; Witness Test Protocol
Sept 21 |Full Day In Person to Revisit and Reconcile Edits
Dec1 Webinar for feedback on some of the draft staff
Oct 3 References; Definitions; 1-line diagram

recommendations and descriptions of outstanding
issues

requirements; Agreements






Utilization of Capabilities — Impact Considerations

 Capabilities and functions which utilization/provision of may impact DER owners:

* Reactive power exchange
e Active power curtailment
* Head-room to provide frequency response
 Capabilities and functions which utilization/provision of may impact distribution
utilities:
* Voltage Ride-Through with extended voltage trip settings
* Frequency Ride-Through with extended frequency trip settings
e Utilizing interoperability and communication enabled may require additional

equipment and investment in areas outside IEEE 1547’s scope impacting utility
and/or DER customer/operator.





Scope of Interoperability in IEEE 1547-2018

Local DER
N K Communications
etwor Interface
Adapter )

Information

DER Managing Entity 2IEIEEE DER or Plant Controller
* Information
Models Image credit: Xcel Energy

* Protocols

Interoperability Consideration IEEE 1547-2018
Clear price signals for participation or contributions.

Interface between the DER and the Utility can exchange and use information securely
and effectively.

DER’s “grid services” and utility operations are in sync throughout the entire system. Not in scope.
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MN Utility Summary of Pros/Cons (2018)

* Upside: The simplicity leads to better chances of success with implementing true
interoperability and effective information exchange between all applicable DER and

Utilities in the state.

* Potential to streamline integration for Developers, Installers, and Utilities

 Downside: The timing of the MN update means that market forces have not begun
to converge on one of the protocols

e The IEEE 1547 working group had anticipated some consolidation over time.

* Expectation is that many manufacturers will offer just one of the three protocols. This aligns with
standard requirements

4 I
Working hypothesis: Standardizing under a single protocol may be practical in the longer term,
and assists in effective interoperability, but we need to better understand vendors offerings and

back-end system integrations for all affected parties before making this a statewide requirement.
\ )
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IEEE 1547 and P2800

* |EEE 1547 is applicable to DERs “not

directly connected to the bulk power N
system” e.g. connected at typical primary 2 F’—”—@ e e 4 4 Bulk System Guidelines
or secondary distribution voltage levels. o (—— , ) M NERC, FERC
in R g IEEE, ANSI, IEC
 Removed the 10 MVA limit from previous qé,_;% - O s e it ,, NESC
versions. oag] "~ . 4
* BUT: IEEE P2800 Standards is needed [ e e v 1 G o |~
because IEEE 1547 and NERC Reliability bt e Transmission Grid P Technical and
Standards do not directly apply to ‘ jurisdictional overlap
transmission or networked sub-

transmission connected inverter-based
resources.

* Does not address planning, designing,
operating, or maintaining the utility grid
(“Area EPS”) with DER.

Distribution System Guidelines
IEEE 1547, PUC/PRC

IEEE, ANSI, IEC

NEC

* May be addressed in DER interconnection
practices, incl. screening.






Bulk Power System reliability topics

MISO Guideline for IEEE
Std 1547-2018 Implementation

Recommendations on Requirements Impacting Transmission Systems D E | t D a t a
November 2019
Collection

Modeling
& studies

Cybersecurity

3/15/23 https://mn.gov/puc 24





Resources for Interconnection Customers

3/15/23

20
(H&.

. TooI:s fo_r Intercqnnegtion
identifying application
location activities

Engineering
study process

Application

screening
process

Pre-application

data process

Hos_ting Substation
capacity map DG queue

Cost/complexity/time

Level of information/accuracy
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Agenda: Modern DER Capabilities and Deployment Considerations =

MODERNIZATION
LABORATORY
CONSORTIUM

.S, Department of Energy

= |ntroduction and background (Michael Ingram, 5 min)
= Brian Lydic: What decisions need to be made and by whom? (45 min + 15 min Q&A)
= 5 min break

= Andy Hoke: What are DERs and how can they be used? (45 min + 15 min Q&A)

= 5 min break
= Michelle Rosier and Derek Duran: Lessons learned (45 min + 15 min Q&A)

= Michael Ingram: Summary of Educational Resources and Activities + Wrap-up (15 min)
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L
Workshop Goals =

MODERNIZATION
LABORATORY
CONSORTIUM

.S, Department of Energy

1. Increase awareness of existing materials & support to help state
PUCs move forward on DER interconnection activities

2. Help participants make connections to colleagues with similar
challenges (and solutions!)

3. Help GMLC/NREL project team understand context and
Implementation challenges

March 20, 2023 3





Workshop Origin: GMLC Technical Assistance to State Public Utility //,,57-—,-\2@
Commissions W=

GR

MODERNIZATION
Purpose: Provide customized support on issues specific to state’s needs and unique situation LABORATORY

CONSORTIUM
Approach: Work with awardees on content and delivery method to maximize the efficacy of the TA |
Budget/Scope: $2.25M across 37 different technical engagements, in over 20 states.
- Utilit
Resilience Y
Regulation

DER Adoption Integrated
Grid Planning Resource

Interconnection

Microgrids

Performance
Based
Ratemaking

System
Hosting Capacity
Utility
Ratemaking Utility Load Forecasting
Regulation

Regulation &
Policy






NREL at-a-Glance

| o

—

More than

900

=

Workforce, including World-class Partnerships Campus
219 postdoctoral researchers facilities, renowned with industry, operates as a
60 graduate students technology experts academia, and living laboratory
government

81 undergraduate students

NREL | 5





Renewable Sustainable Energy Energy Systems

Power Transportation Efficiency Integration
Solar Bioenergy Buildings Grid Integration
Wind Vehicle Technologies Advanced Hybrid Systems
Water Hydrogen Manufacturing Security and Resilience

Government Energy

Geothermal
Management
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Summary of Educational
Resources and Activities

Topic Highlight





NREL’s IEEE 1547-
2018 Resources
Website

nrel.gov/qgrid/ieee-standard-1547

An online platform with educational
resources to aid stakeholders in the
successful adoption and implementation
of IEEE 1547-2018.

Sponsored by:
Solar Energy Technologies Office

Partners and Advisors:

. Sandia National Laboratories

. Institute of Electrical and Electronics Engineers

. Electric Power Research Institute

. National Association of Regulatory Utility
Commissioners

. National Rural Electric Cooperative Association

. Interstate Renewable Energy Council

. Regulatory Assistance Project

C Western Interstate Energy Board

i LY
Illustration by Fred Zietz, NREL

NREL's well-catalogued and publicly accessible online platform includes
presentations, industry white papers, and topic-specific NREL technical
reports for utilities, states, solar developers, transmission operators, and
other stakeholders.



http://www.nrel.gov/grid/ieee-standard-1547



Resources on the Site

|[EEE 1547-2018 Resources

|IEEE 1547-2018 Resources NREL

About SNEVGLENYEICGEIN Workshops  Suggested Reading  Contact Us

Transforming ENE|

Search IEEE Std 15 SEARCH

Educational Materials

Learn about the revised Institute of Electrical and Electronics Engineers Standard
1547-2018 (IEEE Std 1547-2018) through these educational materials, which
include wehinars, white papers, and other resources.

The revised version features new concepts and new technical requirements, which enable the
use of modemn distributed energy resources to improve performance of the electric grid
during day-to-day operations and improve grid resilience during abnormal grid conditions.

The revised standard was published in April 2018 and is now available from IEEE. Qualified
parties may request a discounted copy.

Transforming ENER

About  Educational Materials Workshops REULRESCHEEELILGEM Contact Us

Search IEEE Std 15
Suggested Reading

Suggested reading lists are available for stakeholders with roles in implementing
Institute of Electrical and Electronics Engineers Standard 1547-2078.

The revised standard contains 11 chapters (clauses) and 8 annexes that comprise 136
pages. The revision is significantly different from the 2003 version, and it contains new
concepts and new technical requirements. Each clause specifies information or
requirements that apply to certain aspects important to the interconnection of distributed

Show| 10 entries Search: energy resources to the electric power system. Implementing the requirements necessitates
Publication Resource a careful study of the underlying technical concept and requires the appropriate information
Educational Resource Date I Type to calculate relevant settings and configurations.
Background Information on the Protection 2022 Report S u ggested Rea d | ng L| StS

Requirements in IEEE Std 1547-2018 (Mahmud, Ingram)
This NREL report provides informative material on the
requirements related to electrical protection in IEEE Std
1547-2018 as well as context and background to
improve understanding and use of the requirements
specified.

A Primer on the Unintentional Islanding Protection 2022 Report
Requirement in IEEE Std 1547-2018 (Narang et al.)

This NREL report provides an introductory summary of

the unintentional islanding protection requirements in

the revised IEEE Std 1547-2018.

Overview of Functional Technical Requirements for 2022 Report
Intentional Islands (Narang et al.)

This NREL report provides informative material on the

requirements related to intentional islands in Institute of

Electrical and Electronics Engineers Standard 1547-

Authorities Governing Interconnection Requirements
Electric Power System Operators

Portions of the standard are directed toward a specific audience that must possess
specialized information and technical training to use and apply the requirements. These
suggested lists of references provide an initial knowledge base of information to help
stakeholders wishing to implement the standard.

Full List of Publications

See the full list of educational materials.

nrel.qov/qrid/ieee-standard-1547

NREL
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NREL's Guide for Updating Interconnection Rules

A Guide to Updating Interconnection Rules and Incorporating IEEE Standard 1547-2018 presents a structured, step-
by-step approach to help governmental authorities that oversee interconnection requirements and other
stakeholders develop and update interconnection rules. The NREL-published report considers the incorporation of
the new standard from both process and technical standpoints.

. Three main sections to report:

Step 1 Step 2 Step 3

Developing the Rule Maintaining and
(including updating technical requirements) ReViSing the Rule

Determining Context

(stakeholders and major drivers)

* Key considerations include:
* Has the governing authority sufficiently identified motivations for updating the interconnection rule? How do the
identified technical requirements relate to the desired outcome?
* Has the governing authority allowed for the use of DER capabilities (even if they are to be used in the future)?

Any state or local jurisdictions that are interested in adopting IEEE Standard 1547-2018 should consult this resource!

Find the full report on NREL’s IEEE Resource Website or at nrel.qov/docs/fy22o0sti/75290.pdf.

NREL | 17
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IEEE Standards Coordinating Committee 21 (SCC21)

Resources and Outreach

e Public web site on IEEE Std 1547 http://sites.ieee.org/sagroups-
scc21/standards/1547rev/

Discount/free copies of the standard for select
stakeholders (e.g., regulators)

Education and training/reading material — papers,
webinars

“approved” presentation content for SMEs
Catalog of ISO/RTO T&D coordination activities
State activity map (maintained ~ quarterly)

Inverter rollout timeline (“regularly” maintained)

* Informal industry/stakeholder coordination calls
(quarterly)

 Coordination with other IEEE societies, committees &
related standards (constant)

State activity map

Timeline for Rollout of IEEE $td 1547™.2018 Compliant DER

He: "
hs B

vl

=y rea

_ an 4

I ot an, e o e

“ Mk I o
et . N L, "

! Vosnmas ecien 5k

il o e gl vk

Sk

Puzaraz
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Cybersecurity

e : Mewsroom  Leadership  Energygov Offices
offica of . : ABOUT ENERGY EMERGENCY PETROLEUM
e g:gggigumw. ENERGY SECURITY, AND EMERGENCY us CYBERSECURITY SECURITY RESPONSE RESERVES

https://www.energy.gov/ceser/office-
cybersecurity-energy-security-and-

e

DOEARG-NREL . - SMEIEENCVTESROonse
Announce First

Lohort. Of The Clean

Energy Cybersecurity
~ Accelerator Program

Biden-Harris Administration
Launches $250 Million Program To
Strengthen Energy Security For
Rural Communities

Other activities:

https://www.nist.gov/programs-
projects/cybersecurity-smart-grid-

systems)

https://sunspec.org/cybersecurity-work-
rou
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https://sunspec.org/cybersecurity-work-group/

https://sunspec.org/cybersecurity-work-group/

https://www.energy.gov/ceser/office-cybersecurity-energy-security-and-emergency-response
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INTERCONNECTION

INNOVATION e-XCHANGE Website:
U.S. DEPARTMENT OF ENERGY energy.gOV/iZX

an EERE collaboration between SETO & WETO





i2X Technical Assistance

Goal: To provide access to various interconnection technical assistance opportunities to
support our partners in their implementation of developed reforms

Interconnection Office Hours - Fridays
* Direct Access to i2X Leadership
« “consultation” phone calls available to any
interconnection stakeholder

Preliminary i2X Working Groups
* Energy Justice Working Group
* IEEE 1547-2018 Adoption Support Working Group
* Experienced Peer Learning Webinar Series

Additional Topics For Consideration
* Implementing Queue Management Methods
* Accelerated Tool Development and Deployment
e Best Practices and Training

Others? - SuggESt d tOpiC! N INTERCONNECTION -

INNOVATION e-XCHANGE
. A U.S. DEPARTMENT OF ENERGY
energy.gov/i2x I Ay’





Next for us

Workshop #3: Improving the Interconnection Process

Focus on approaches to establish or improve process-related elements.

Cohort members placed high priority on the following subtopics:

Benefits of preapplication processes

Screening processes for different sized utilities and DERs
Establishing minimum requirements for various sizes of DERs
Interconnection application automation

Improving interconnection timelines

Metrics, enforcement and reporting

Data access and privacy

NREL | 22





Help Us Prioritize Workshop 3 Topics

https://app.sli.do/event/w4ifbMMifoivzyw35gWXXe
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Thank You

David Narang | David.Narang@NREL.gov
Michael Ingram | Michael.Ingram@NREL.gov
Xiang Li | xiangkun.li@nrel.gov

National Renewable Energy Laboratory — Golden, Colorado
www.nrel.gov

Photo: Dennis Schroder
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This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable

Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided
by U.S. Department of Energy Office of Energy Efficiency and Renewable Energy Solar Energy Technologies Office.
The views expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The

U.S. Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S. "i“
Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published [ | ) |
form of this work, or allow others to do so, for U.S. Government purposes. This research was supported by the Grid &!"

Modernization Initiative of the U.S. Department of Energy (DOE) as part of its Grid Modernization Laboratory
Consortium, a strategic partnership between DOE and the national laboratories to bring together leading experts,
technologies, and resources to collaborate on the goal of modernizing the nation’s grid.
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		NREL’s Guide for Updating Interconnection Rules

		IEEE Standards Coordinating Committee 21 (SCC21) Resources and Outreach
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.S, Department of Energy

= Michael Ingram, NREL: Introduction and Background (5 min)
= Jeff Cook, NREL: Strategies for Reducing Timelines (30 min + 15 min Q&A)

= Nadav Enbar & Tom Key, EPRI: Strategies for Improving Technical Screens (45 min + 15 min Q&A)
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Workshop Goals

MODERNIZATION
LABORATORY
CONSORTIUM

.5, Department of Energy

1. Increase awareness of existing materials & support to help
state public utility commissions (PUCs) move forward on
distributed energy resource (DER) interconnection activities

2. Connect participants to colleagues with similar challenges
(and solutions!)

3. Help the GMLC/NREL project team understand context and
Implementation challenges.

June 16, 2023 3





. . =\
Workshop Origin: //,/=/-\§L_/_/
GMLC Technical Assistance to State Public Utility Commissions G\i\QE
MODERNIZATION
Purpose: Provide customized support on issues specific to a state’s needs and unique situation LABORATORY

CONSORTIUM
Approach: Work with awardees on content and delivery method to maximize the efficacy of the TA |
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INTERCONNECTION

INNOVATION e-XCHANGE Website:
U.S. DEPARTMENT OF ENERGY energy.gOV/iZX

an EERE collaboration between SETO & WETO





i2X Interconnection Technical Assistance Opportunities

Goal: To provide access to various interconnection technical assistance opportunities
to support our partners in their implementation of developed reforms.

Interconnection office hours on Fridays:
* Direct access to i2X leadership
e Consultation phone calls available to any interconnection stakeholder.

Solution e-Xchanges
* Facilitated open dialog among diverse stakeholders
* https://www.energy.gov/eere/i2x/i2x-solution-e-xchanges

i2X Technical Assistance Solicitation
e 2023 round complete, currently in project selection and scoping
* https://www.energy.gov/eere/i2x/i2x-technical-assistance

Group Technical Assistance Cohorts
* Kicking off the “Shared ISO Experience” cohorts

INTERCONNECTION
INNOVATION e-XCHANGE
. A U.S. DEPARTMENT OF ENERGY
energy.gov/i2x I Ay’



https://www.energy.gov/eere/i2x/i2x-solution-e-xchanges

https://www.energy.gov/eere/i2x/i2x-technical-assistance



Interconnection Technical Assistance Cohorts
Shared ISO Experience

Planned Scope
* Focus on regulatory and policy considerations (e.g., PUC and energy office staff)
* Peer-to-peer dialog on cohort-selected and prioritized topics

* Enhance understanding of the standards and processes established by the independent system
operator (ISO) in which jurisdictional utilities participate

* Identify and discuss “best-practice” elements of interconnection processes and requirements

* |dentify and discuss specific provisions that should be considered during future interconnection
rule development that could make interconnections simpler, faster, or fairer

* |Initial cohorts being planned for jurisdictions served by ISO-NE and MISO

INTERCONNECTION
/i2 I P~ INNOVATION e-XCHANGE
U.5. DEPARTMENT OF ENERGY
energy.gov/IiZX ANy





Interconnection Technical Assistance Cohorts
“Suggest-a-Cohort”

1: Identify membership
e “Core cohort” entities

* Potential members (pending further dialog)

2: Identify assistance needs

* What are the topics of interest for the cohort members?

3: Identify planned outcomes

 What would be meaningful for the cohort members but could also be utilized by a broader audience?

4: Submit your proposal
* to: NREL DER Standards [der-standards@nrel.gov]
* Let us know if you need help developing your ideas

N INTERCONNECTION
i) I <& INNOVATION e-XCHANGE
.S DEPARTMENT OF EMERGY
energy.gov/i2x AV
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NREL’s IEEE 1547-
2018 Resources
Website

nrel.gov/qgrid/ieee-standard-1547

Join the mailing list to receive
updates on new resources and
more learning opportunities on
DER interconnection.

Or contact us directly at
der-standards@nrel.gov.

Illustration by Fred Zietz, II\(REL

NREL's well-catalogued and publicly accessible online platform includes
presentations, industry white papers, and topic-specific NREL technical
reports for utilities, states, solar developers, transmission operators, and
other stakeholders.



http://www.nrel.gov/grid/ieee-standard-1547

https://www.nrel.gov/grid/ieee-standard-1547/contact-us.html



Thank You

David Narang | David.Narang@NREL.gov
Michael Ingram | Michael.Ingram@NREL.gov
Katie McMahon| Katherine.Mcmahon@nrel.gov

National Renewable Energy Laboratory — Golden, Colorado

Photo: Dennis Schroder d e r-sta n d a rd S @ n re I . gOV
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Strategies for Improving

Technical Screens
GMLC Interconnection Cohort Workshop #3

Nadav Enbar, Program Manager
EPRI DER Integration Program

Tom Key, Sr. Technical Executive
EPRI DER Integration Program

June 15, 2023
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Agenda

= History & Background: Screens
= Motivations to Evolve Procedures

= Suggested Improvements to
Screens (and beyond)

= Conclusions and Future Directions

© 2023 Electric Power Research Institute, Inc. All rights reserved. [ =dr={|





Existential Questions

= |Increasing levels of DER interconnections resulting
in more applications going to detailed study review

= New technologies require modification to existing
methods to properly assess potential impact

= How can initial/supplemental reviews be
improved?

= What data and modeling approaches can be
incorporated?

= Can automation be integrated into the review
process?

© 2023 Electric Power Research Institute, Inc. All rights reserved.

[ Application for Interconnection ]

l

Validate Application
Minimal technical review

J’ Automatic next step

Fast Track Reviews

Initial Review Screens

additional analysis
decision required

Supplemental Review
Screens (mitigations?)

l Decision Meeting

Detailed Impact Study
define any required upgrades

l

Increased data and accuracy needed

Additional Requirements

Expedited { \
pass

Interconnection
Approved and

Fast-Track Plan to
I pass Applicant

———————»|
pass  \ /

Decision
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History & Background: Screens

Developments in Inferconnection Processes & Technical Review

DER Development Period Status of Technical Review

1978 to 1999
era

2000to 2012 Incentives and market growth
(increasing renewables system sizes

and deployments)

2013 t0 2021  Cost competitiveness (Renewables —
mostly PV and wind — becoming
economically viable)

2022 forward  Proliferating solar and battery

storage with smart inverters

Beginning of commercial renewables Mostly manual reviews, several early IEEE DER

Guides, review screens added to CA Rule 21 in 1999°.

Distribution grid support limited by IEEE 1547-2003;
FERC-SGIP™* 2005 creates “fast track” review and
more visibility on screening criteria and process
review times.

Growing pressure from PUCs to streamline processes,
track review times, and add application portals; IEEE
1547a-2014 allows, then IEEE 1547-2018 requires,
grid support.

Automation expected, DER grid support capacities
and penetration levels will need to be considered.

Notes: “Electric Rule 21 formalized technical concerns into a predefined set of screens, offering a path to simplified connection. **FERC’s SGIP, defined processes of technical screening,
the “fast track” concept, and types of studies including decision points in reviews. Its requirements are very similar to CA Rule 21.

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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History & Background: Screens

The Evolving Distribution Interconnection Process
= CA Rule 21 (evolving since 1999, regularly updated)

= FERC SGIP (established in 2005, the Small Generator Interconnection
Procedure, 13 screens, study type defined, “transmission” viewpoint)

= MN, NY, NC/SC, MI, NM, others following the SGIP Fast Track review
model.

—  Typical issues: 15% peak/100% min load capacity?, screening criteria?, hosting
capacity?, export limiting?, power quality® and protection®.

L Alternatives to the 15% Rule: Modeling and Hosting Capacity Analysis of 16 Feeders, EPRI 2015

2 Model Interconnection Procedures, IREC 2019

3 Defining a Roadmap for Successful Implementation of a Hosting Capacity Method for New York State, EPRI 2016
4 Considerations for Application of Export Limiting Power Control Systems, EPRI 2020

> DER Power Quality Issues, EPRI 2018

6 On Good Behavior: Inverter-Grid Protections and Integrating Distributed Photovoltaics, IEEE PES Nov/Dec 2020

© 2023 Electric Power Research Institute, Inc. All rights reserved. (= =dr={]
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History & Background: Screens
Key Characteristics of Technical Review (modeled after SGIP)

Increased data and accuracy needed

-

Application for Interconnection ]

A

Validate Application ‘ Expedited

Minimal technical review J

l Automatic next step

Fast Track Reviews

Initial Review Screens

additional analysis
decision required

Supplemental Review
Screens (mitigations?)

i Decision Meeting
Detailed Impact Study

define any required upgrades |

|

pass
|
|
I Interconnection
I Approved and
IFast-Track Plan to
I pass Applicant
|
|
pass ] /

Additional Requirements Decision

© 2023 Electric Power Research Institute, Inc. All rights reserve

Three (3) Review Levels

1. 10-kW Inverter Process
— DER type, location, size, service
type
2. Fast Track Process (Screens
/Supplemental Review)

— Aggregate load/gen, system
grounding, voltage, SC ratio

— Min load, protection, PQ,
safety/reliability

3. Study Process (Impact Studies)

— Load flow, short circuit, thermal
capacity, more PQ and protection

d. =2l





Interconnection Applications and Fast Track in NC/SC

Summary of DG applications NC/SC DEP/DEC May 2015- Aug. 2019

[ Application/Interconnection Requests (21,000 apps) ]
3.5% of apps,
93% of apps, 8% of MW
5% of MW | - e ——— s .
Optional <20 kW 2.4% of apps > Section 3
Process Section 3 Fast Track Su—p%?elr%gntal
(Section 2) Process Screens Review
| 0.4% of 1% of 2.3% of ~0.7% of apps
3.5% of apps, Section 4 apps apps apps withdraw, etc.
87% of MW " System Impact =
StUdy v

© 2023 Electric Power Research Institu

<&
<«

te, Inc. All rights reserved.
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History & Background: Screens
Current Practices for DER Interconnection

DER, Site and
Connection
Detalls

Voltage
;é JI//ﬁ\_,)Allll\b‘\uﬂij“\fﬁjfiifi1_
ég 1ﬁnuaJ

Voltage regulation, limits
balance, drop and rise

Power Quality (flicker,
harmonics, overvoltage)

Feeder Load

Time

Capacity

© 2023 Electric Power Research Institute, Inc. All rights reserved.

« DER size and type

 Grid location, feeder and service

« Transformer connection,
grounding and back feed

 Risk of islanding
« Short circuit contribution
* Ground fault OV (3Vo)

* Relay coordination

Fault Current

Thermal limits, overload,
service capacity on primary and secondary

Minimum stiffness ratio

=2l





Fast Track Technical Review Ciriteria | (ref. SGIP/IEEE)

i . . . IEEE
Co::ic dher:':::;:)ns Specific Technical Issue FEethiso C:‘IP Applies to Typ'ccilitl'el:?:s of 1547-
2018
basic skip fast track option new option individual varies -
basic qualifies for fast track 2.1 individual <2MW -
basic expedited - no screening required new option individual varies <50kW -
basic check service available 2.2.1.1 individual yes -
export limit export control of power add individual AV<3% 4.6.2
protection 15% of peak load (islanding) 2.2.1.2 aggregate 15-30% 8.1
export limit if secondary/spot network 2.2.1.3 individual 5% or 50kW 9.2
protection short circuit contribution 2.2.1.4 aggregate 90%/10% 11.4
protection interrupting capability 2.2.1.5 aggregate 88% 6.2
protection feeder GFO/ineffective grounding Rev 2.2.1.6 individual varies 4.12
thermal shared secondary ratings exceeded 2.2.1.7 aggregate 20kW 65% -
voltage secondary imbalance 2.2.1.8 individual 20% -
backfeed transient stability limits 2.2.1.9 aggregate >10MW -
thermal no construction required 2.2.1.10 aggregate yes/no -

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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Fast Track Technical Review Criteria Il (ref. SGIP/IEEE)

10

i . . . IEEE
Te.chnlca.l Specific Technical Issue FERC .SGIP Applies to Typlca! L|n.1|ts or 1547-
Considerations Section Criteria
2018
protection 100% of minimum load 24.4.1 aggregate 100% 8.1
voltage/PQ within ansi limits 2.4.4.2 both load flow 5.1
PQ flicker 2.4.4.2 individual Pst<.35 7.2.2
PQ RVC add 2.4.4.2 aggregate MV-3%, LV-5% 7.2.3
voltage/PQ short circuit ratio/PCC stiffness new option individual 20 times -
PQ harmonics 2.4.4.2 individual | 1n<5% 7.3
PQ e
LRO and GFO add 2.4.4.2 individual 138% VI-g or I-| 7.4.1
PQ TOV add 2.4.4.2 individual p.u.1.3t0 2.0 7.4.2
voltage regulating equipment add 2.4.4.2 both .5-1.5% -
safety-reliability safety 2.4.4.3 aggregate 1547 4.6.2
protection coordination 3.4 aggregate hosting -
protection breaker reach 3.4 aggregate min/max -
protection Substation GFO & 3VO0 3.4 aggregate sub upgrade -
backfeed backfeed limit/reverse power relay 35 individual varies -

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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Comparison of Voltage-related Screens

CA Rule 21 FERC SGIP “ NY SIR12 IEEE 1547°

Preliminary and Initial Screening Reviews

% Peak Load limit_ 15% (M)* 15%¢ 15% & 30%* 15% (E) 4 N/A
10/240V Service <20kWand <65%paig
Unbalance limit_ LS <20%0ance <20%baance A A
Starting AV limit_ 2.5/5% (C) N/A N/A N/A 3%/5%
Stiffness Ratio limit_ N/A N/A (V2R )Mper>50 (F)* N/A

Supplemental Screening Review

% Min Load limit_ 100% (N)* 100%? 100%" 100% (G)* N/A
Vieo limit_. CARule 2 (O)? no 1.5/3/5%* MV-3%,LV-5% (H)* N/A
RVC limit_ Yes (O)3 Yes? MV-3%, LV-5% IEEE1547 (H)® MV-3%, LV-5%
Flicker limit_ Yes (0)3 Yes? Yes3 IEEE1547 (1)° P,<.35
Distortion limit_  IEEE 519 (O) IEEE 519 IEEE 519 IEEE15475 o <5%

1 Proposed by EPRI to NYSERDA and NYDPS to be considered, March 2018
2 Screening requirements currently under revision in these jurisdictions
3 Refers to IEEE 1453 for planning, assessment and measurement practices (with no individual DER limits)

4 Limits apply to both individual and aggregate DER
5 Refers to new limits in IEEE 1547, these address individual DER effect on voltage.

11 © 2023 Electric Power Research Institute, Inc. All rights reserved. (= =dr={]





Motivations to Improve Review Procedures
Utility Perspectives

Compliance with IEEE Std 1547-2018 — Recognizing DER as grid supporting devices

’

Increasing number of applications — many under-prepared to handle high volumes

ZLow staffing — increasing number of applications w/higher penetrations requiring study j

ilmproved hosting capacity allocation required — essential for informing utility decision-making j :—/
iProtection issues and suggested mitigation options — frequently challenged due to cost j
ZCompIicating battery applications — new questions arising re: load/gen, scheduling, export control j @
(Insufficient data and models — enhanced modelling capability is most common challenge |

- J

12 © 2023 Electric Power Research Institute, Inc. All rights reserved. (= =dr={]
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Motivations to Improve Review Procedures
Utility Perspectives

-
&

Compliance with IEEE Std 1547-2018 — Recognizing DER as grid supporting devices

s

g

Increasing number of applications — many under-prepared to handle high volumes

s

.

Low staffing — increasing number of applications w/higher penetrations requiring study

r

.

Improved hosting capacity allocation required — essential for informing utility decision-making

r

.

Protection issues and suggested mitigation options — frequently challenged due to cost

-

g

Complicating battery applications — new questions arising re: load/gen, scheduling, export control

s

g

Insufficient data and models — enhanced modelling capability is most common challenge

© 2023 Electric Power Research Institute, Inc. All rights reserved.

=2l





IEEE 1547 Raising Expectations for DER: Requiring Grid

Support Functions

[ IEEE 1547-2003 ]

IEEE 1547a-2014

(Amendment 1)

IEEE 1547a-2020

=3
e

Shall NOT actively regulate voltage

 Shall trip on abnormal voltage/frequency

d

May actively regulate voltage
May ride through abnormal voltage or frequency
May provide frequency response

a4

Shall ride through abnormal voltage/frequency
Shall be capable of frequency response

a4

More flexibility for configuration of the degree to which the

Shall be capable of actively regulating voltage }
Category lll voltage ride-through capability may be utilized }

© 2023 Electric Power Research Institute, Inc. All rights reserved. (= =dr={]





ek Smart Inverters

can support grid
IEEE Standard for Interconnection
and Interoperability of Distributed (SEt u p Ch d I Ie ngE)

Energy Resources with Associated
Electric Power Systems Interfaces

IEEE 1547-
® 2018

IEEE Standards Coordinating Committee 21

([
G5 s oJEEE15472-2014

|IEEE Standards Coorr’ taics, Lispers
Generation, and Er

IEEE 1547-2003 Interconnection Standards

are requiring grid support
IEEE Std 1547™-2018 functions

(Revision of IEEE Std 1547-2003)

IEEE
3 Park Avenue
New York, NY 10016-59%.

© 2023 Electric Power Research Institute, Inc. All rights reserved. [ =dr={|
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Role of IEEE Std 1547-2018

industry

e All DER not just inverter
based! Q
e Technical basis for a
regulatory proceedings
e Can be flexibly adjusted
to regional differences @

e Widely-accepted by (X
industry ot

I A
e Defines and Standardizes * “ w
smart DERs” across the ,@\ E‘

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

-

e Avoid lengthy discussions
with stakeholders

e Avoid specifying ﬂ
[

technical requirements

e Account for regional .;
differences (flexibility) ; .~
e Accelerate regulatory
IEEE Std 1547'201 8 proceedings H.j

e Mitigate technical risks

© 2023 Electric Power Research Institute, Inc. All rights reserved. [ =dr={|
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Energy Storage: Recognizing Flexibility in Inferconnection

Can serve as both generation and load

Can control active and reactive power

Offers multiple operating profiles

Can accommodate scheduled and limited exports & imports

EHCDIS IS,

Storage flexibility is the safe and reliable control of when, how much, for how
long, and under what conditions storage imports and exports electricity

© 2023 Electric Power Research Institute ,Inc. All'r rights r reserved . = =] r=d|





Barriers to Enabling Energy Storage Flexibility

Rules don’t
recognize
unique
capabilities

Lack of trust
in operating
profiles

Rules don’t Lack of
explicitly standardized
address control
storage methods

BATRI ES For more information: see BATRIES Energy Storage Toolkit (energystorageinterconnection.org)
BUILDING A TECHNICALLY RELIABLE
INTERCONNECTION EVOLUTION FOR STORAGE

18 © 2023 Electric Power Research Institute, Inc. All rights reserved. = =] r=d|
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Improvement Opportunities

Evolve Initial Reviews

* Increased automation where possible
e Streamline analysis to only include relevant study aspects

Hosting Capacity Analysis

e Incorporate hosting capacity analysis prior to screens
e Publicly available tools showing utility constraint points

Staff Learning

e Provide training aids
e Use of standardized checklists and Engineering Guides

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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Improvement Opportunities (2)

Enhance Feeder Modelling

* Increased updates to GIS data to capture feeder changes
e Maintain smart inverter settings in models for future studies

Mitigations and Upgrades

e Cluster studies for shared mitigation costs
e Consider changes to regulator and smart inverter settings

Support Stakeholder Initiatives

* Develop templates to streamline application process for developers

e Continuous review of study criteria and sharing lessons learned via working
groups

20 © 2023 Electric Power Research Institute, Inc. All rights reserved.
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Fast Track Reviews
Opportunities for Improvement

= Developing Better Screens
- Most existing screening processes derived from FERC SGIP 2005

= Recommendations

— Include screen for export limiting
system

— Modifying the grounding capability
screen

— Update power quality screen

— Limit scope of review to relevant
areas only

— Allow additional time to complete
supplemental reviews

— Use engineering judgment to identify
changes or mitigation options

© 2023 Electric Power Research Institute, Inc. All rights reserved. (= =dr={]





Evaluate Non-Export and Limited-Export Systems During the

Screening / Study Process
Opportunities for Improvement

e Challenge Evaluating non- and limited-export systems based on unrealistic operating assumptions can lead to
overestimated grid impacts

e " Apply screens in which Export Capacity is appropriate for impact assessment (instead of Nameplate Rating)
Solution

® Use a new Inadvertent Export Screen

Screens in which Export Capacity is Screens in which Nameplate Ratings
can still be used

appropriate to evaluate impacts
Fast Track Eligibility Size

Penetration Screens

Spot Network Screen

Protection Screens (Max. Fault Current & Short
Circuit Interrupting Capability)

Single-phase Imbalance Screen
Transient Stability Screen

Shared Secondary Transformer Screen

Inadvertent Export Screen (new)

22 © 2023 Electric Power Research Institute, Inc. All rights reserved. (= =dr={]
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Penetration Screens
Opportunities for Improvement

What are the Penetration Screens?

e Refers to the 15% of peak load and 100% of min load screens
e Used in the Fast Track process (initial review and supplemental review)

e The 15% of peak load was set over 20 years ago
o Designed as a conservative estimate or proxy for min load
o At that time most utilities only recorded peak load

e As utilities started collecting min load data

o Regulators added the 100% of min load in supplemental review
o Today some states use 100% of minimum load in both initial and supplemental review.

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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Penetration Screens
Opportunities for Improvement

What are they designed to achieve?

e Evaluate generation that could cause reverse power flow
e When generation < min load, reverse power will not occur

But what happens when load is reduced?

* Non-Export projects can affect load (reduce min load)
e This is addressed in the review process through the min/peak component of the screen

Why is Export Capacity appropriate to use here?

e Using export controls, the export capacity is what contributes to the reverse power flow, not the
nameplate rating.

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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New Inadvertent Export Screen
Opportunities for Improvement

2.2.1.3 For interconnections that can introduce Inadvertent Export (IE)* greater than 250 kW. The IE should

not cause a change in medium voltage exceeding 3%. Voltage change will be estimated applying the
following formula:

(Rsource X AP) — (Xsource X AQ)
Formula

V2

Where:

AP = (DER apparent power Nameplate Rating — Export Capacity) x PF,

AQ = (DER apparent power Nameplate Rating — Export Capacity) x \/(1 — PF?),

Rsource IS the grid resistance, Xsource IS the grid reactance,
V is the grid voltage, PF is the power factor

* Calculated IE as the nameplate rating — export capacity

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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Incorporate Hosting Capacity Analysis into Review Process

Opportunities for Improvement

Hosting Capacity: the amount of DER that can be accommodated
without adversely impacting power quality or reliability under current
configurations and without requiring infrastructure upgrades.

Key Motivations

Motivation | Use Case Example

In California, changes to Electric Tariff Rule 21 directs
Regulatory utilities to use hosting capacity results (called Integration
Capacity Analysis in California) in lieu of certain screens.

Hosting capacity can supplant screens that may not
Accuracy accurately capture safety or reliability impacts with results
that explicitly identify when and where impacts will occur.

Aligning screens and technical reviews with hosting capacity
results can increase process transparency as well as the
Transparency informative value of hosting capacity maps. Note:
successful alignment requires significant data cleansing to
ensure integrity of hosting capacity results.

© 2023 Electric Power Research Institute, Inc. All rights reserved.

El <0.75 MW 1.5-2.25 MW 3.0-3.75 MW B 4.5-5.25 MW
. 0.75-1.5 MW 2.25-3.0 MW 3.75-4.5 MW . > 5.25 MW

| Accuracy >

/
Fast Track Hosting Detailed Impact
Screens Capacity Studies

/

<: Speed |
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Assisting in Screening

Key Considerations: Accuracy, impact factors, need for engineering judgement

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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Some Summary Conclusions and Future Directions

DER grid support capacities and penetration levels will need to be considered

Increasing automation expected

— First level initial technical screening may be automated (w/input of feeder data and locational
considerations)

Screens anticipated to evolve
— New coverage: export limiting
- Modified coverage: grounding capability, power quality

— Scope of review to be more focused on relevant areas

= Hosting capacity analysis expected to play a larger role in the future &
— Input from hosting capacity analysis can streamline reviews .....Q

© 2023 Electric Power Research Institute, Inc. All rights reserved. (= =dr={]
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Q&A
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Overview: Pathways in Today’s Interconnection Review Process

Interconnection

Review Pathway

Expedited
Connection

Initial Screening

Supplemental

Review

Detailed Studies

32

Overview

Essentially an application completeness check, with review

of one-line diagram.

o First-level screens address concerns re: service type,

relative individual DER size, aggregate capacity, grounding

and protection compatibility.

¢ All screens require "pass" to receive approval. Failure of

a screen triggers decision to pursue supplemental
screening or detailed studies.

* More detailed second level screens cover concerns from
initial screens: maintaining feeder well-being, potential for

substation or bulk system impacts requiring study.

¢ The need to apply all supplemental screens for approval

varies, as does supplemental review fee/amount.

* Required for large DER and when feeder modifications
anticipated; offered as option when screens are failed.

¢ Involves detailed impact analysis specific to
interconnection request, with accompanying fee.

Technical Scope / Criteria

Applicable only to small (0-50 kW), inverter-connected, certified DER
that meet a size adequate to existing service criteria. Shared
secondaries with neighbors, existing load demand may also be
considered. Energy storage systems do not normally qualify.

Considerations include sufficient transformer capacity with
compatible grounding configuration, network type (radial vs. network
connections), individual/ aggregate DER relative to wires capacity,
fault current contribution limits, generation relative to feeder peak
load. Voltage regulation or stiffness factor screen sometimes
included. Proof of DER certification required.

Three criteria usually applied (none offer specific conditions for
running a test):

1. Aggregate DER cannot exceed minimum feeder load

2. Power quality must be maintained within standards”, voltage
regulation limits must also be checked™”

3. Safety/reliability must not be compromised by individual or

* k%

aggregate DER™ .

¢ Addressed same issues as in screening. Analyses may be informed
by failed initial/supplemental screening results, but will be re-
conducted with up-to-date utility models, other data sources.

¢ Typical criteria: thermal ratings, voltage regulation, power quality,
and protection coordination; not all areas are required in every study.

Level of Review

Expedited connection typically offered without
further screening.

With sufficient DER/feeder information, review at
technician level can result in interconnection
approval with little/no engineering judgement.

Feeder and DER details with engineering judgement
and load flow analysis studies required.

Power system analysis tools for load flow/short
circuit protection, supporting engineering analysis
required. Studies generally involve snapshot power
flow analysis. Electromagnetic Transient Analysis
(EMT) may be required for situations where power
flow is insufficient. System mitigations/cost estimates
are study outcomes.

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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Summary: IEEE 1547-2018 — What Does It Mean for Me?

/.

\

=  Opportunities to utilize advanced DER capabilities

Opportunities to integrate DER reliably, securely, and
efficiently into the grid

— Increase distribution hosting capacity

= Actions required to — Improve bulk system reliability

— Assign performance categories
per DER technology and use case

—  Specify “preferred” utility-required Energy
profiles for DER functional settings Regu lators

— Spe.cify certification for DER (e.g., PUCs)
equipment and possibly

= Actions required to specify

— Functional settings # “preferred”
Utilities — Performance categories

(both T + D) — Communication interface

= Coordinate across T&D

\ verification for DER facilities

\

/- Opportunities to interconnect =  Opportunities for new business

— Reference point of applicability With advanced DER functions

— Support reliability coordinators in
transmission planning with DER

— Support DER developers in verification /

compliance through DER evaluations

— Functional settings

= Potential need for more sophisticated DER

facility evaluations to verify compliance

) .

larger amounts of DER DER Others — Testing and certification of
advanced DER units
= Clarity regarding Developers (NR_]ILSr — Evaluation and verification of DER
— Interconnection capabilities AEIES, facilities
g 2 Unests) consultants) — Support utilities in distribution planning

J
S

© 2023 Electric Power Research Institute, Inc. All rights reserved.
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Interstate Renewable Energy Council (IREC)

IREC builds the foundation for rapid adoption

of clean energy and energy efficiency to benefit
people, the economy, and our planet.
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r Today’s Guiding Questions

What is grid transparency and why is it important?

How are prospecting tools used in interconnection?

What are the best practices and why do they work?

4

What is next for prospecting and grid transparency?

NN
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’ What Is Grid Transparency?






((

Grid transparency is
providing customers and
the public information
about the grid.

))

@IREC






I Who Uses Grid Data?
3
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Who Uses Grid Data?

= Regulators m Stakeholders and NGOs

- Monitor DER deployment trends

’
- Distribution system planning s TOday s DER customers and

developers

= Local governments - DER siting and design

- Design incentives and other . ]
programs = Tomorrow’s innovative

entrepreneurs
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improving process efficiency for all stakeholders

Impact on the Interconnection Process

Q - o= = D
. —_— ey —_— : —_— = — W] —_— ‘
9 | - B v am
Prospecting Application Evaluation Agreements Construction Commissioning

Stage in which an IC uses
publicly available tools and
resources to determine the

optimal location for their

project.

@REC

Stage in which an IC
submits an application for
their project into the
interconnection queue
which is managed by the
electric utility.

Stage in which the utility
evaluates the proposed
project in order to
determine if there are any
adverse impacts to the grid
that require additional
study or upgrades.

Stage in which the IC
agrees to the terms of
interconnection including
payment for any necessary
upgrades, operating
requirements, or
maintenance.

Stage in which both the IC
and the utility complete
the construction of the
generation facilities and
interconnection
equipment.

Stage in which the utility
requires and/or performs a
series of final system
checks before authorizing
the IC to start generating

(permission to operate).






Impact on the Interconnection Process

improving process efficiency for all stakeholders

time, money & resources

S, ™= = == == = [

Prospecting ( _ \. FEASIBLE D
—_ l
—_— £, INFEASIBLE

\ | |
Indeterminate level of
risk across all

applications w/o tools
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Impact on the Interconnection Process

improving process efficiency for all stakeholders

Prospecting

time, money & resources
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Impact on the Interconnection Process

improving process efficiency for all stakeholders

time, money & resources

’ ————— _—y \
Prospecting { - - FEASIBLE
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Q (™ =2 |
y— > - B |
4 I I
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Good prospecting
tools can increase
percentage of

§IREC L low-risk projects )
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Impact on the Interconnection Process

improving process efficiency for all stakeholders

time, money & resources
’ _____ —y
Prospecting . FEASIBLE
©
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(
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\

INFEASIBLE [m

Y. \ =

rThus increasing the
ratio of feasible to
§IREC infeasible projects
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Impact on the Interconnection Process

improving process efficiency for all stakeholders

time, money & resources

S, ™= = == == = [ \
Prospecting { . FEASIBLE
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g ! -
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\ /
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r Results in utility and developer \
resources spent primarily on low-

@lREC to- risk projects.






AV Prospecting Tools as a method
of Grid Transparenc
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Prospecting Tools

Pre-Application Public Queue Hosting Capacity
Reports Reporting Analysis

Distribution System Basic Distribution
Data Portals System Maps
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Pre-Application Reports

L]
11

{ Overview
Customer requests data for
specific Point of Interconnection

Typically cost “$300 per report

Utilities typically respond with
data in 10 business days






V4

Pre-Application Reports

Requested Data
Approximate circuit distance between
proposed site and substation
Number and rating of protective
devices and number and type of

voltage regulating devices, between
proposed site and substation

Whether or not three-phase power is available at the
site and/or distance from three-phase service

Limiting conductor rating from proposed Point of

Interconnection to distribution substation
@IREC
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Pre-Application Reports

Requested Data Continued...

Typically includes the following info about the area of the grid

(substation/area bus or bank and circuit) likely to serve the site:

Total capacity of substation

Aggregate existing generating capacity
Aggregate queued generating capacity
Available capacity of substation

Is it an area, spot, or radial network?
Substation (or transmission) nominal
distribution voltage

Nominal distribution circuit voltage at site
Distance between site and substation
Load profile (8760 hours)

peak and minimum load data of line sections
Limiting conductor rating

Number and rating of protective devices and
voltage regulating devices between the site
and substation

Availability of three-phase power and/or
distance from three-phase service

Existing or known constraints (e.g., electrical
dependencies, short circuit interrupting
capacity issues, power quality or stability
issues, capacity constraints, or secondary
networks

Any other information relevant to the
applicant
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Pre-Application Reports

What sorts of questions do these reports help answer?

Developers — What are my project’s risks for requiring major
grid upgrades before submitting into the queue?

Is there a circuit nearby my proposed site?
How many projects are already interconnected or in the queue on the circuit
or substation ahead of my project?

Utilities — How can we optimize the engineering resources we
spend on evaluating queued projects?

Regulators — How can we increase project retention rates
throughout the interconnection process?






Distribution System Data Portals

Overview

Website with downloadable data sets
and reports about distribution grid
conditions and constraints

Typically includes:
load profiles
distribution system asset information
distribution system planning assumptions
& studies
other relevant data






Distribution System Data Portals

Example from National Grid

c 0O # ngrid.apps.nationalgrid.com

National Grid - Rhode Island System Data Portal Astorymap 1 W & Qesrl

Company Reports

National Grid Rhode Island

Distribution Planning Information

National Gr tribution P

Electric Forecasts

Area Studies

Infrastructure, Safety and Reliability (ISR

System Reli

Rhoda lcla 3 anac o

ability Procurement (SRP)






Distribution System Data Portals

Example load profile obtained from a system data portal
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Distribution System Data Portals

What sorts of questions do data portals help answer?

Developers — Are there any additional identifiable constraints that
could increase my project’s risk of requiring expensive upgrades?
What are the load conditions of the circuit and substation?

Can I design my system to avoid exceeding any implied constraints?

Can energy storage provide the operational flexibility needed to avoid
exceeding certain thresholds?

Utilities — Can we reduce our resources spent studying projects
attempting to connect to already severely constrained systems?

How can we fairly inform applicants of grid sections to avoid?

Regulators — How widespread are major grid constraints and
would proactive planning efforts help to avoid bottlenecks?
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Public Queue Reporting

{ Overview

Regularly published queue reports detailing
the status of all projects within the
interconnection queue

Can provide additional details such as:

Time within each stage of the review process
Interconnection costs assigned after evaluation

Requires both a high-frequency update schedule
and robust validation process to be useful






Public Queue Reporting

Example spreadsheet from New York Utility

Grasslands
Buchanan
Avenue A
Sherman_Creek
Water_st
Corona_1
Elmsford_No.2

FRESH_KILLS
FRESH_KILLS
FRESH_KILLS
FRESH_KILLS
FRESH_KILLS
Woodrow
Woodrow
Woodrow
Glendale
Mott_Haven
Mott_Haven
Mott_Haven
Mott_Haven
Brownsville_2
Parkchester_1
Jamaica
Parkchester_1
Browns

Brownsville_2
Bensonhurst 2

Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter
Inverter

2/14/23

2/9/23
2/12/23
2/10/23

2/12/23
2/10/23

2/12/23
2/10/23

2/21/23
2/24/23
2/15/23
2/15/23
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Public Queue Reporting

Simplified queue reporting spreadsheet

Project Details

Project A — 10 kW
Project B — 500 kW
Project C — 5 kW
Project D — 3 MW

Project E — 100 kW

Circuit &
Substation

Cir. 18-223

Hawking Sub.

Cir. 55-323
Curie Sub.

Cir. 55-323
Curie Sub.

Cir. 18-223

Hawking Sub.

Cir. 18-223

Hawking Sub.

Data of
Submittal

1/20/2023

1/21/2023

3/2/2023

3/2/2023

6/15/2023

Current Step in
The Process

Complete - PTO

Facility Study

Complete - PTO

Withdrawn

Application Review

Study &
App. Costs

$300
$5,000

$300
$25,000

$5,000

Upgrade
Costs

$0.00
$15,000
$0.00
$4,215,000

N/A
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Public Queue Reporting

What sorts of questions do queue reports help answer?

Developers — How many projects are queued before mine and do
they tell me anything about the costs that my project may incur?
Have any of these projects triggered expensive upgrades?
Could these upgrades be required for my project if they withdrew?

Utilities — Where can queue processing improvements be made
or other prospecting tools be improved to better direct projects?

Regulators — Is the interconnection process working as intended
and are rule revisions needed to improve it?
Are utilities fulfilling their processing timeline obligations?

What is the average process duration of 10-500 kW projects?
What are the average upgrade costs for 2+ MW projects?
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Basic Distribution System Maps

Overview

Map of distribution
system assets and
feeder lines

Typically includes pop-
up boxes that display
grid data

&lREC Ve
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Basic Distribution System Maps

Examples of Requested Data

Substation Data
Name or identification number
Voltages
Substation transformers nameplate rating
Existing Generation (weekly refresh rate)
Queued Generation (weekly refresh rate)
Total Generation (weekly refresh rate)
8760 Load profile by substation and
transformer
Percentage of residential, commercial,
industrial customers
Currently scheduled upgrades
Has protection and/or regulation been
upgraded for reverse flow (yes/no)
Number of substation transformers and
whether a bus-tie exists
Notes (include any other relevant information to
help guide interconnection applicants,
including electrical restrictions, known
constraints, etc.)

Feeder Data

Name or identification number

Which substation the feeder connects to

Feeder voltage

Number of phases

Which substation transformer the feeder connects to
Feeder type: radial, network, spot, mesh etc.
Feeder length

Feeder conductor size and impedance

Service Transformer rating

Service Transformer daytime minimum load
Existing Generation (weekly refresh rate)
Queued Generation (weekly refresh rate)

Total Generation (weekly refresh rate)

8760 Load profile

Percentage of residential, commercial, industrial
customers

Currently scheduled upgrades

Federal or state jurisdiction

Known transmission constraint requires study
Notes (other relevant information to help guide
interconnection applicants)
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Basic Distribution System Maps

What sorts of questions do these maps help answer?

m Developers — Where else can | site my project to avoid high upgrade
costs caused by major grid constraints?
*  How far is my project from the substation?

. What other circuits are in the area that may be more suitable for interconnection?
* Canlfind land nearby that would be better for interconnection?

m Utilities — Can we inform applicants where exactly they should avoid
submitting projects after determining constraints through studies?

m Regulators — Can we better monitor interconnection rules or
understand distribution planning needs with infrastructure maps?

@lREC -
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Hosting Capacity Analysis (HCA)

Overview

A hosting capacity analysis (HCA) is a grid transparency tool
that provides an assessment of the ability of a distribution grid
to host additional distributed energy resources (DERs) at
specific locations, without the need for costly upgrades or
lengthy interconnection studies.

For more information, visit our hosting capacity webpage at...

https://irecusa.org/our-work/hosting-capacity-analysis/

@REC
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. Southern California Edison DRPEP

Hosting Capacity Analysis (HCA)

Example from Southern California Edison

n

“~, Substations

m Distribution
Subtransmission

ICA - Circuit Segments
Uniform Generation OP Flex (MW)

=12.0

=20

=15

=10

=01

Avatapie-at.

https://ltmdrpep.sce.com -'pp" :

S
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https://ltmdrpep.sce.com/drpep/
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N

(10f2) » OX
ST LOUIS-WEST

Substation Name STLOUIS
Feeder Name STLOUIS

WEST

Feeder Voltage (kV) 13.00

SCADA (Y/N) Y

Feeder Peak Load (MVA) 5.30

Net Daytime Minimum Load  -0.60

(MW)

DG Capacity Connected 2.40

(MW)

DG Capacity In Queue (MW) 0.00
Generation Limited (Y/N N
Feeder DG Ready (Y/N Y

Substation Transformer DG Y

Readv (Y/N

Zoom to e

piod

N

DAYTON-EAST

Hosting Capacity Analysis (HCA)

Example of early siting flexibility enabled by HCA

Substation Name

Feeder Name

Feeder Voltage (kV)

SCADA (Y/N)

Feeder Peak Load (MVA)
Net Daytime Minimum Load
(MW)

DG Capacity Connected
(MW)

DG Capacity In Q

Readv
Zoom to

DAYTON

DAYTON
EAST

13.00

7.50
2.70

Source: Portland General Electric Distributed Generation Evaluation Map
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Hosting Capacity Analysis (HCA)

Siting flexibility enabled with HCA from Portland General Electric

Substation Name

Feeder Name DAYTON-
EAST

QB FeederVoltage (kV) 13.00
SCADA (Y/N) Y
Feeder Peak Load (MVA) 7.50

DG Capacity In Queue (MW) 0.00
Generation Limited (Y/N) N

Feeder DG Ready (Y/N) Y

Substation Transformer DG Y
Readv (Y/N)

Net Daytime Minimum Load 2.70
(MW)

B DG Capacity Connected 1.00
N (MW)

DG Capacity In Queue (MW) 1.80

Feeder allowing back-feeding N
and no queued generation . fllf;fhoé';!l:ﬁl?) :
Substation Transformer DG N
Readv (Y/N)
| Zoomto

§ IREC Source: Portland General Electric Distributed Generation Evaluation Map






Hosting Capacity Analysis (HCA)

Siting flexibility enabled with HCA from Portland General Electric

. DG Capacity Connected 1.00
DG Capacity In Queue (MW) 0.00 (MW)

Generation Limited (Y/N) N DG Capacity In Queue (MW) 1.80
Feeder DG Ready (Y/N) Y Generation Limited (Y/N) N

Substation TransformerDG Y Feeder DG Ready (Y/N) N
Readv (Y/N) Substation Transformer DG N
oo o Readv (Y/N)

Feeder allowing back-feeding Feeder allowing back-
and no queued generation feeding and has a large queue

@ IREC Source: Portland General Electric Distributed Generation Evaluation Map
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Hosting Capacity Analysis (HCA)

What sorts of questions do HCA maps help answer?

Developers: What grid locations have the capacity for my project
thus likely do not require long studies or major grid upgrades?

Utilities: What kinds of grid constraints are limiting hosting capacity?
*  Are there system-wide constraints to future electrification or DER policies?

«  Can we proactively address these insufficiencies with upgrades through our
distribution planning process?

Regulators: Does the grid in our state have sufficient capacity to
support our renewable energy adoption or electrification goals?
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Hosting Capacity Analysis (HCA)

IREC Report: Key Decisions for Hosting Capacity Analysis

Outlines the key decisions that need to
be made to adopt a grid mapping tool s o

that can help utilities and states better T CAPACITY
integrate clean energy technologies on N ‘M ANALISES
the electric grid—based on IREC’s Ny
hosting capacity work around the nation

SEPTEMBER 2021

Download at: https://irecusa.org/resources/key-
decisions-for-hosting-capacity-analyses/
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Comparing Prospecting Tools

Key considerations when developing or requlating for prospecting tools

39

Availabilit Customer -
Tool y Utility Effort Ease of Access
Today Cost
Pre-Application W|Fjely Fee Respond to requests Request for each site
Reports available

Distribution System Numerous Non Develop datasets & postto | System-wide datasets
Data Portals states one website available for download
Public Queue Numerous None Develop & regularly refresh | System-wide datasets
Reporting states datasets posted to website | available for download

Basic Distribution Numerous None Integrate datasets with GIS Publicly accessible ma
System Maps states & publish map y P
Hosting Capacity Several states None Extensive effort to analyze | Detailed data available

Analyses

@REC

data and publish results

via map & data portal





m Usefulness depends
on data resolution

= More granular data
enables better energy
storage system design

@REC
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Radie

Enabling Energy Storage Development

Higher resolution prospecting tools and energy storage

Capacity_PHI - Pepco_Sec city_PHI-
er by map extent | @ Zoomto (X] Clear selection

Radia

Optios

FeederlD Allowsble_PV_kW OpVolt Total

00091 0.10 4k 0.0 )

00233 25.00 4k 6.00 0.00 276.00
15204R 98.40 2 6.46 89.28
5207R 633.40 28 55.30

Left: HCA Map with Blurred Distribution Lines from Xcel Energy's HCA | Source: Xcel Energy, Minnesota

Right: HCA Map Showing Precise Distribution Line Location | Source: Pepco, Washington, DC

40





Enabling Energy Storage Development

Il Easy to integrate that
includes recommended
model regulatory language

M Builds off of FERC SGIP
I Toolkit adoption can help
increase energy storage
market penetration by
preemptively addressing

interconnection barriers

@REC

BATRIES: Building a Technically Reliable Interconnection Evolution for Storage

BATRIES TOOLKIT SOLUTIONS

Enable Limited- & Non-
Export Controls

Include Storage in
Procedures

Define How to Address
Inadvertent Export

Update Review Process for
Limited-/Non-Export DER

Enable Limited- & Non-

Improve Grid Transparency Export Controls

Define How to Evaluate
Fixed-Schedule

Incorporate Updated
Technical Standards

41
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Data Validation
for Hosting
Capacity Analyses

Read the full report at
https://bit.ly/HCAValidation

@REC
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Importance of Data Validation

IREC/NREL Report: Data Validation for Hosting Capacity Analyses

HCA Data Validation requires
attention to five key areas:

Business Processes

Quality Control During the Model
Development Process

Validating Results Before Publication
Feedback from Customers and Users
Regulatory Oversight






I Integrating Equity & Justice Tenets

..&

Recognitional Procedural Distributional

@REC
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Integrating Equity & Justice Tenets

Are we meeting stakeholders where they are at?

Have we engaged with all relevant stakeholders?

Who has been historically left out of these discussions?

Recognltlonal Do communities feel that they have a voice at the table?

@REC
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Integrating Equity & Justice Tenets

How accessible are our available engagement methods?

How are we elevating the voices of the marginalized?

How are we lowering proceeding participatory barriers?

Procedural Are we monitoring progress toward procedural justice?

45





Integrating Equity & Justice Tenets

Who are the primary beneficiaries of the tools we create?
r el How do we ensure these benefits are equally distributed?
. . . What prospecting challenges can we help overcome?

Distributional Are the cost and value created equally distributed?

@REC
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Thank You!

If you have any questions, contact:

Radina Valova

Regulatory Vice President | IREC
radinav@irecusa.org

Shay Banton

Regulatory Program Engineer &
Energy Justice Advocate | IREC
shayb@irecusa.org

47



mailto:radinav@irecusa.org

mailto:shayb@irecusa.org



		IREC

		Guiding Questions

		Grid Transparency

		Who Uses Grid Data

		Impact on Interconnection Process

		Prospecting Tools

		Pre-Application Reports

		Distribution System Data Portals

		Public Queue Reporting

		Basic Distribution System Maps

		Hosting Capacity Analysis

		Comparing Prospecting Tools

		Enabling Energy Storage Development

		Importance of Data Validation

		Integrating Equity and Justice Tenets




image1.emf
ieee-std-1547-work shop-2022-order-2222.pdf


ieee-std-1547-workshop-2022-order-2222.pdf
Order No. 2222 — Preparing the Distribution Grid and Retail
Programs to Maximize the Value of DERs for Customers

NREL DER Interconnection Workshop
December 15, 2022





About AEE

« Advanced Energy Economy (AEE) is a national association of businesses that are
making the energy we use secure, clean, and affordable. We work to accelerate
the move to 100% clean energy and electrified transportation in the U.S.

« Advanced energy encompasses a broad range of products and services that
constitute the best available technologies for meeting energy needs today and
tomorrow. These include energy efficiency, demand response, energy storage,
solar, wind, hydro, nuclear, electric vehicles, biofuels and smart grid.

« AEE represents more than 100 companies in the $238 billion U.S. advanced
energy industry, which employs 3.2 million U.S. workers.





Goals for today

 Brief overview of FERC Order No. 2222 and Status Update

* Introduce AEE-GridLab Report and Summarize Recommendations
— “FERC Order 2222 Implementation: Preparing the Distribution System for DER Participation in

Wholesale Markets” (January 2022)

 Discuss Dual Participation in Retail and Wholesale Markets

Note: “/RERRA” = Relevant Electric Retail Regulatory Authority (i.e., states, municipalities, cooperative utility boards)
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Overview of Order No. 2222, Issued Sept. 2020

. “‘we find that existing RTO/ISO market rules are
unjust and unreasonable in light of barriers that they present to the participation of
distributed energy resource aggregations in the RTO/ISO markets, which reduce
competition and fail to ensure just and reasonable rates.”

. that “each RTO/ISO... revise its tariff to ensure that its
market rules facilitate the participation of distributed energy resource
aggregations”

. “any resource located on the distribution system, any
subsystem thereof or behind a customer meter. These resources may include, but
are not limited to, electric storage resources, distributed generation, demand
response, energy efficiency, thermal storage, and electric vehicles and their
supply equipment.”
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Order No. 2222 Overview: Key compliance requirements

Parameter(s)

Eligibility of DER
aggregators/DER types

Geographic scope of
aggregation

Distribution factors and
bidding parameters

Information and data
requirements

Metering and telemetry
requirements

Coordination

Key Requirement(s)

DER aggregators must be an eligible market participant; RTOs/ISOs must allow
all technology types and multi-technology combinations; rules must prevent
“double counting” in retail and wholesale markets; no broad state “opt-out”

Encourages broad geographic scope of aggregation, but allows RTOs/ISOs to
propose to limit aggregations to a single pricing node

Must account for physical and operational characteristics of DER aggregations
and ensure they are able to fully offer their aggregations into RTO/ISO markets

RTOs/ISOs are required to transparently state the information and data that DER
aggregators must provide them about the performance, physical parameters, and
components of their aggregations

RTOs/ISOs have flexibility to set these requirements, including whether to require
metering and telemetry of individual DERs; must justify why they are necessary
and explain why they do not result in undue barriers to participation

Requires RTOs/ISOs to establish procedures for coordination between
RTOs/ISOs, DER aggregators, distribution utilities, and state and local regulators -





AEE’s Vision of Successful Order No. 2222 Implementation

Wholesale market participation/compensation complements other values and
revenue streams that DERs currently access (e.g., customer benefits and retail
programs). This means:

. because DERs receive
compensation for all the services they can provide

. by offering all the
services they are technically capable of providing

. because they are
responding to transparent market signals

. because grid operators gain visibility and control as DERS
participate in wholesale markets

. as DERs participate





You Are Here*

Compliance filings
to FERC

FERC NOPR

(2016) Comments filed

on (almost) all
filings

0.2222 Implementation
(Sept. 2020)

FERC rules on
compliance filings

¢2 *Map not drawn to scale!





Status of RTO/ISO Compliance Filings

RTOJISO Date of fling

CAISO (ER21-2455) 7/19/21 2022 FERC Order issued XX

NYISO (ER21-2460) 7/19/21 2023 (2019 model), 2026 FERC Order issued XX
(0.2222 compliance)

PJM (ER22-962) 211/22 2026 Awaiting FERC Order

ISO-NE (ER22-983) 2/2/22 2027 (capacity); 2026 Awaiting FERC Order (requested by
(E&AS) Nov. 1; 2022 capacity participation

delayed)

MISO (ER22-1640) 4/14/22 2030 Awaiting FERC Order

SPP (ER22-1697) 4/28/22 Q3 2025 (targeted) Awaiting FERC Order

ERCOT* (PUCT Project N/A 2023 (applications accepted Pilot program approved by PUCT and

No. 51603) beginning Nov. 2022) ERCOT

¢2 *Not subject to 0.2222 20





Introduction to AEE —

GridLab Convening
and Report
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CAMPAIGN PARTICIPANTS

AEE and GridLab brought together utilities _

and AEE members to build consensus =. Microsoft o o DTE
around key distribution system issues to

facilitate DER participation in wholesale

markets M CLEAResult’ ecobee

This summary lists key recommendations

to help educate state commissions;
inform FERC and RTO/ISO processes;
and support state policies that
increase DER value

Dominion () 816 () XcelEnergyr RZ=CURVE

\\

Four working groups formed = AN | o B “
to discuss: Interconnection and =t A’or;ugggggem' =11, uphght cnel X

aggregation review; CPower

communications, controls,

and coordination; dual Pr—
participation; and investment ORACLE Walmart ) omer
recovery and cost causation

Other participants include: APS, Exelon, PECO, ComEd, Pepco, and BGE
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Vision of Success

DER aggregators, distribution utilities, RTOs/ISOs, and utility customers

= .
may benefit from increased DER participation in wholesale markets, for £ ‘,‘.‘-:'-
example: :’,E';
- DER Aggregators: Order 2222 opens new opportunities to earn P

revenue from wholesale markets; alongside distribution level

compensation, this brings DERs closer to providing and being
compensated for their full suite of benefits

*TLL

Distribution Utilities: Order 2222 creates an opportunity to play a role

in enabling DER participation in wholesale markets while potentially Foaless
deriving value from DERs at the distribution level

RTOs/ISOs: Aggregated DER participation gives system operators
access to more resources that increase grid flexibility and maintain
reliability, particularly in the context of increasing renewables

Customers: Utilization of DERs in wholesale/retail markets has the — 7 :&.f-;.J
potential to lower overall customer costs by avoiding otherwise aaae S p e
needed energy and capacity investments across the grid - - *
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Dual
Participation

Interconnectio
n and
Aggregation
Review

Unlocking
DER
Wholesale
Market
Participation

Investment
Recovery &
Cost
Causation

Comms,
Controls, &
Coordination
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DER aggregation in wholesale electricity markets under Order 2222
presents unique opportunities and challenges

Order 2222 implementation will be most successful for customers
and grid reliability with active engagement from state utility regulators

Existing processes and tools developed by states, distribution utilities,
and stakeholders to support DER integration should be built on to
facilitate Order 2222 implementation

In the future, processes and tools adopted by states and utilities
related to DER adoption and integration should anticipate
participation in wholesale aggregations

New requirements and investments to support Order 2222
implementation should be aligned with the services provided and
scaled as participation increases where possible

Processes, tools, and policies enacted to support Order 2222
implementation must set clear expectations of all participants

Equitably addressing the potential incremental distribution-level costs
of Order 2222 implementation requires identification of a range of
potential costs and benefits

State regulators could consider establishing dedicated forums to
examine and address the complex distribution system issues
identified in this report





Zoom In:
Dual Participation in

Retall and Wholesale
Programs






What is “dual participation?”

 Abillity to participate in both wholesale and retail programs, so long as DER is not
receiving compensation for the same services as part of another program.

* Order No. 2222: FERC required RTOs and ISOs to "allow [DERS] that participate
In one or more retail programs to participate in its wholesale markets,” while
allowing “appropriate restrictions” that are "narrowly designed to avoid counting
more than once the services provided by distributed energy resources in RTO/ISO
markets.”

 Why does it matter?

— Dual participation is key to unlocking value given the operational and economic realities of
DER aggregations; most are adopted for retail purposes first, but additional wholesale revenue
streams can improve utilization and reduce costs (for DER owner and broader system)

— Broad restrictions on DER participation that do not recognize reasonable operational limitations
will diminish value and increase costs

%)





Challenges of Dual Participation ldentified by Working
Group

 Double Counting: To the extent that a DER’s wholesale participation coincides
with the LSE/EDC peak demand and that participation impacts the amount of
capacity for an ISO or LSE/EDC to procure, the DER’s wholesale activities
will need to be separately metered or added back to the peak load to ensure the
ISO or LSE/EDC can accurately plan for system peak demand

 Double Compensation: Absent mechanisms to prevent duplicate payments,
DERs engaged in dual participation may inappropriately receive compensation for
the same service within the same time interval at both wholesale and retail levels

* Operational Compatibility: There could be instances when wholesale
participation and retail obligations conflict with one another





Dual Participation

Opportunity

= Some states and RTOs/ISOs already have retail and wholesale
constructs for dual participation while others may need to
implement new constructs.

= States will have a key role, as recognized by FERC, particularly as
it relates to oversight and design of retail programs. A thorough
understanding by all parties of best practices and
considerations will facilitate the regulatory decision-making process
and pave the way for DER dual participation in a way that
appropriately balances the interests of DER owners and
aggregators, distribution utilities, and retail customers

Recommendations

= Load forecasting reconstitution practices exist today for wholesale
demand response in markets such as NYISO and ISO-NE; other grid
operators can leverage these existing practices for DERs

= States should establish a process through which the utility can identify
where duplicate compensation may occur and RERRAs should develop
appropriate mechanisms to prevent duplicate compensation (e.g.,
eligibility criteria in the aggregation enrollment and review, including
ways to operationalize those criteria)

= Consideration of, and accounting for, instances of dual participation
where a DER's capability may be split to provide more than one distinct
wholesale or retail service in a given interval
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ISO/RTO participation models for joint ownership may be an
example of how dual participation could be structured

New York utilities’ CSRP and DLRP tariffs provide useful models
for preventing double compensation of energy

DER Aggregators should update the DERA's operational status
to the ISO/RTO to appropriately reflect any retail activities and/or
obligations of DERs that comprise the DERA that impact
resource availability for wholesale services and potential dual
participation

Retail tariffs and contracts should have guidelines for governing
DER dual participation (such as identifying incompatible
wholesale market services), with consideration for both normal
and emergency operations at the bulk- and distribution-system
levels

States should proactively collaborate with utilities, DERs,
Aggregators, and RTOs/ISOs to develop dual participation rules
that are transparent and accommodate DER capabilities while
preventing those issues outlined earlier in this document

States should recognize that on-site metering will be necessary
to facilitate wholesale participation and/or participation in retail
programs





Thank youl!

Caitlin Marquis
cmarguis@aee.net
781.261.6047

aee.net powersuite.aee.net @aeenet

1010 Vermont Ave. NW, Suite 1050, Washington, D.C. 20005
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Appendix: Summary
of AEE-GridLab

Working Group
Recommendations:

Interconnection and

Aggregation Review,
Communications,
Controls, and
Coordination;
Investment Recovery
and Cost Causation






Problem Statement

There appears to be a need for clarity around what an Aggregation Review
process might be (and what, if any relationship it has to other processes)

Recommendations

= As EDCs establish an aggregation review process, they should utilize
existing data from interconnection or ISO aggregation registration
processes where possible to minimize the impact on all parties

= EDCs should work with RERRAs to modify existing distribution
interconnection processes to include an option to indicate if a DER is
intended to be included in an aggregation

= EDCs should distinguish aggregation review processes for different use
cases and penetration levels

= DER aggregators should share ISO/RTO aggregation registration data
with EDCs wherever possible and make best efforts to share any
updates that take place on a regular basis

= |SO/RTOs should maintain up-to-date records accessible to EDCs on
aggregations

= RERRA have an important role to play in approving tariffs, aggregation
review processes, relevant cost recovery, adjustments to distribution
interconnection, and potentially resolving any disputes that may arise

@ ADVANCED .
E iy
enerery  OridLAB






Requirements in the aggregation review
process and any necessary impact studies
should align with expected dispatch of the
aggregation and any restrictions should be
transparent for all parties

Any new/modified processes need to be
feasible for EDCs of varying degrees of
sophistication

All parties should expect that these
processes will evolve as DER penetrations
increase and/or EDC operations become
more complex

@ ADVANCED .
E iy
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ISO/RTO

""" Per FERC 2222+

EDC <——» Aggregator

As determined by RERRA/EDC





Communications, Controls,
and Coordination

Problem Statement

FERC order 2222 requires unprecedented coordination between the RTO/ISO,
aggregator, and EDC. Existing tools and processes do not provide the
functionality needed to enable the required coordination

Recommendations

= Do not assume a complete solution will be implemented immediately; follow a
“crawl, walk, run” approach. Start with least regrets deployments

= At the early stage, scrutinize whether additional investments in
communications, monitoring and controls above what the RTO/ISO and the
interconnection procedures will require are necessary

= Consider if there are simple and lower cost approaches for fostering
coordination, controls and visibility between EDCs and aggregators

= The functions of controls and monitoring are distinct, and these terms should
not be used synonymously; distinct requirements should be developed.

= Requirements on controls, coordination, and monitoring for various types of
DERs can be very different
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DER installations should leverage autonomous control features that
have been adopted as standards, such as IEEE 1547

For distribution overrides, there may be two levels of overrides:

 Soft override where aggregator can act based on early notice from
EDC

» Hard override where EDC directly curtails or interrupts DER for
safety and/or reliability purposes

The need for hard vs. soft overrides will depend on circumstances
and degree of coordination between EDC and aggregator

 Soft overrides will be the preferred option in non-real time
applications and demand response

» Hard overrides will be a last resort where system reliability or safety
is at risk

Level of automation (i.e., machine-to-machine) vs. manual
communication will depend on level of complexity, existing tools at the
EDC/aggregator, DER penetrations, and/or grid topology

Setting clear expectations and open communications between EDCs
and aggregators on drivers and likely conditions that lead to
distribution overrides will benefit all parties
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EDCs alerting aggregators prior to bidding windows and aggregators
adapting bidding behavior to expected conditions from EDC could
help to alleviate the need for hard overrides

Support foundational EDC actions that bring greater visibility into the
distribution system (such as linking AMI with SCADA and/or ADMS);
these can be part of broader grid modernization efforts

The EDC functions of planning and operations are distinct. Any
proposed hardware/software investment should be understood in the
context of how they support these distinct functions, and how the EDC
plans to institutionalize these new procedures and the feasibility of
doing so vis-a-vis current planning and operations

For small DER applications (especially residential demand response),
access to AMI data has been a barrier; consider frameworks that
reduce friction for aggregators to access AMI data and/or create
systems that don'’t require aggregators to access AMI data by
coordinating the data exchange between the EDC and ISO/RTO

Low friction aggregator access to relevant meter data for settlement
purposes and low friction utility access to relevant metering and
controls data for planning, operation and settlement purposes need to
be specified and mandated by applicable RTO/ISO tariffs and/or state
jurisdictional tariffs in order to scale DERs in wholesale markets
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Problem Statement
Implementation of Order
No. 2222 will result in
incremental distribution
level costs

Recommendations

Consider the following
potential cost categories
when evaluating utility
investments that relate
to Order No. 2222

GridLEB

Interconnection Studies & Upgrade Costs

Utility Review of DERA Registration Requests

Day-to-Day Utility Management of DERs

Investments to Increase or Maintain Hosting Capacity

Wholesale Market Access Charge
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Identify costs required to enable Identify relevant benefits of Avoid duplication of DER
DERs sited on the distribution enabling DER penetration in benefits in benefit cost analysis
system to participate in wholesale markets

wholesale markets

Establish an objectively quantifiable basis Equitably allocate costs between retail customers, DERSs, and
for measuring, quantifying, and allocating aggregators, taking into consideration of applicable benefits and
relevant identified benefits and costs consideration of implications of any cost shifts to retail customers
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