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What is a Virtual Power Plant?
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VPPs and Interconnection

Efficient interconnection expands the pool
of DERs available to participate in VPPs.

Integrate into utility planning

Expand DER adoption with
equitable benefits

Simplify VPP enrollment

Increase standardization in VPP operations

and incentives

DER

Interconnection

Integrate into wholesale markets

From VPP Liftoff Update (DOE, 2025)
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https://www.epri.com/research/products/000000003002014475#%3A~%3Atext%3D%E2%80%9CFlexible%20Interconnection%E2%80%9D%20is%20a%20term%2Cthat%20involve%20real%2Dpower%20control
https://pvwatts.nrel.gov/pvwatts.php
https://pvwatts.nrel.gov/pvwatts.php

What technologies are involved in VPPs?

Technologies involved in VPPs Additional DERs
Enrolled VPP Capacity by Technology Enrolled Residential VPP Capacity OhmAnalytiCS InCIUded in VPPS:
45,000 16,000 YoY Growth Behavioral demand
40,000 14,000 Active Managed  122% res po nse
‘%‘35,000 12,000 Charging Appllances
gz:zzz 10,000 o M Residential BESS ~ 153% P!ug |o§d3
& 20,000 8,000 . ) Bidirectional
g 6.000 B Smart Thermostat % 2
£ 15,000 ’ charging
5 10,000 4,000 Distributed
) 000 mC&I(DR&BESS)  14% _
5’002 ' i generation

2023 2024 2025 2023 2024 2025 Other DERs

Connection to Interconnection
Load-Modifying DERs — generally not subject to DER interconnection

Generation/ Storage DERs — generally subject to DER interconnection
Emerging Tech Gray Area - Plug-in batteries; V2H; Plug-in/ balcony solar

RMI - Energy. Transformed.
Source: Ohm Analytics 2025 VPP Market Report



What are the types of VPPs?

There’s not broad consensus for how to talk about the types of VPPs. Here's the language we're

currently using.

Utility VPP

Market-Participant
VPP

Bring Your Own
Distributed
Capacity* VPPs

RMI - Energy. Transformed.

Customer Program Utility VPP

Aggregator-access Utility VPP

Utility Asset VPP

Market aggregations

Competitive Retail

BYODC Utility VPP

BYODC Market-Participant VPP

* BYODC was popularized by Ad Hoc Group and Alliance to Save Energy in Bridging the Load Grap: A Collaborative Pathway for Utilities,
Hyperscalers, and Customers

Connection to Interconnection

Utility VPP: Dispatch is closely
coordinated with the distribution
utility and its operational needs
and constraints.

Market-Participant VPP: Market-
driven dispatch may not align
with local distribution conditions.
Additional coordination may be
needed, particularly under flexible
interconnection.




How are VPPs supporting affordability?

Bulk power
system
4 1) Decrease demand during high 3) Reduce generation-capacity and
wholesale energy-price periods transmission-related costs
2) Create headroom for more 4) Avoid, reduce, or defer
distribution-connected loads and incremental distribution
v DERs investments
Distribution
system
Operations Planning
=} =

RMI - Energy. Transformed. Source: adapted from Tyler Fitch et al, Power Shift, RMI, https://rmi.org/insight/power-shift/.



https://rmi.org/insight/power-shift/
https://rmi.org/insight/power-shift/
https://rmi.org/insight/power-shift/

VPP Design: Select takeaways from VPP
Flipbook: 2026 Update

——
VPPs featured in this flipbook
Click on the utility names below to go directly to corresponding content
e about the utility.
VP3 AA\RMI
9 Puget Sound
Energy (PSE)
vml Energy
B °ConnededSolutions
- QCon Edison DR
rtfoli
Virtual Power Plant R, prte
Mountain
- Power (RMP)
[
Flipbook: 2026 Update Q oy Q...
Aggregator VPP Energy VPP
How utlhtl.e.s and their customers Om“mb“‘
are benefiting from VPPs and Service (APS)
insights for future implementation
9 Bandera Electric
Cooperative VPP
August 2026 Geographies covered
by featured programs
9 Featured programs
9 LUMA

RMI - Energy. Transformed.




Trends and emerging themes from VPPs
featured in the flipbook

New programmatic

Increased use of
performance-based
compensation

compensation for
locational distribution
grid services

1 : Portfolio approach for
Utility ownership of DSM and VPP
DER assets
programs

Xcel CO AVPP Xcel CO AVPP Xcel Capacity*Connect Dominion VPP :
: - Coned DR Portfolio
Connected Solutions+ Dominion VPP (MN)
Puget Sound Energy

Connection to Interconnection

RMI - Energy. Transformed. 10
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Priority Policy and
Regulatory Issues for VPPs

Locational Services from VPPs

Data Access
Bring Your Own Distributed Capacity for Large Loads



Payment for Locational Distribution Grid Services from VPPs

Locational Adder and Normalized Compensation for Four Utility VPPs

>
=
< $200
&
$150
$100
$0

Rocky Mountain Power, Con Edison New York Xcel Energy CO AVPP National Grid
Wattsmart (DLRP, CSRP) ConnectedSolutions+
B System-wide Compensation m NYISO Capacity m Distribution Capacity Relief Adder Distribution Contingency Relief Adder

RMI - Energy. Transformed. * Draft content from forthcoming VP3 Report 12



Approaches for VPPs to Provide Locational Services

Location-
specific
Compensation

* Draft content from forthcoming
VP3 Report

RMI - Energy. Transformed.

Location-targeted
Dispatch

CASE 1
Locational-targeted dispatch and
location-specific compensation
Example: Connected Solutions+

CASE 3

Locational-targeted dispatch Uniform

system-wide compensation
Example: Rocky Mountain Power Watt Smart

CASE 2
System-wide dispatch and Location-
specific Compensation
Example: Xcel Energy AVPP

System-wide dispatch and uniform
system-wide compensation

System-wide
Dispatch

Uniform
system-wide
Compensation

Connection to Interconnection: Both interconnection and locational VPP design
depend on understanding location-specific distribution constraints. VPP dispatch

can help manage some of those constraints and reduce the need for distribution
upgrades.

13



Data Access: VPP Data Needs to Support VPP Scaling*

What data
is involved?

Why is this
Important?

Key Issues

and
Challenges

RMI - Energy. Transformed.

Data for

Solution
Development

Data for
Enrollment

Data for
Operations
and
Settlement

Enable development of
competitive market
solutions

Facilitate participation
from eligible customers
and devices

Support VPP operations
and enable timely and

accurate payment for VPP

services delivered

* Historic customer energy

use and billing data
«  Utility planning and
forecast data related to

DER hosting and capacity

constraints

*  Customer data needed to
enroll customer into
programs (e.g. program
participation data, location
data, grid topology data)

» Historical data for
baselining

« Raw meter usage data (to

support VPP operations)

» Billing quality interval data

(for settlement)

+ Inefficient processes for
requesting historic
consumption data from
utility

+ Data on grid hosting and
constraints is not public

* High friction user
onboarding

+ Fragmented data

*  Unclear which customers
to target offerings to

* Delayed in settlement and

payout
« Limit ability to dispatch
DERs

* Draft content from forthcoming VP3 Report

Connection to

Interconnection
VPPs and
interconnection
increasingly rely on
overlapping data
about DER
location, grid
topology/constrain
ts, device
configuration and
operating limits.
Operational
telemetry and
settlement data
are an additional
VPP data layer.




Data Access: Solutions and Possible
Approaches

1) Identify and prioritize | 2) Create efficient 3) Consider 4) Monitor utility

data types needed processes to enable development of state- progress and support
Priority Data Needs: third party access to wide data sharing continued data provision

- Historic customer data platforms - Regulator audits may
consumption and - Green Button Connect - State Examples be needed
billing data My Data AND low-friction | (established or
Customer data processes for developing): New York,
necessary for aggregators and Texas, California,
enrollment into VPP/ | customers Maryland,
market demand Massachusetts
response program
Billing quality interval
data for VPP
settlement

RMI - Energy. Transformed. * Draft content from forthcoming VP3 Report



Large Loads and Distributed Flexibility

Data centers are showing interest in procuring offsite ‘distributed capacity’ to meet demand

On-site flexibility Off-site flexibility

()
kﬂ ]
d e O
& s
L
. I . - Distributed capacity
Temporal flexibility Generation & storage flexibility Spatial flexibility o T

coordinates off-site DERs with

. . i i shifts power consumption
shifts power consumption shifts power consumption to _
across time to reduce peak another source (e.g., on-site across space, to regions where large loads to r»?r.‘:luce peak
demand battery storage) to reduce peak cheap, clean energy is available demand and utilize cheap,
demand clean sources of energy

Connection to Interconnection: BYODC models seek to rapidly deploy new DERs

N el ot scale — not just leveraging latent DER capacity.

16



Large Loads and Distributed Flexibility

Several Contractual Models are Being Explored

Value creation

What distributed capacity provides

System capacity
Peak MW, accredited

Local grid value
Avoided T&D upgrades

Load flexibility
Ramp and curtailment

Community value
Bill savings, resilience

Value transfer mechanisms Value received

AR R L investing in distributed capacity

Eligibility under large-load tariff
requirements Cost reduction

State statute - PUC - utility Lower all-in $/MWh

Eligibility for
interconnection fast-track Speed to power

State statute - PUC - utility Faster interconnection

Eligibility for curtailment
protection Firm service

ISO/RTO- state statue Uptime assurance

Public recognition of .
community benefits Community engagement &

———————————————————————— - support

hiostcommunity:slocal government Siting, permitting, and negotiation

RMI - Energy. Transformed.

Options for compensation of large loads

Resources and Reports:

- RMI, States Are Opening the
Door to Data Center Investment

in Virtual Power Plants

- How Virtual Power Plants Can
Help the United States Win the
Al Race (RMI)

- Bridging the Load Gap
(Alliance to Save Energy and
Ad Hoc Group)

- Google and Voltus Deal (Utility
Dive write-up)

17


https://rmi.org/resources/states-are-opening-the-door-to-data-center-investment-in-virtual-power-plants/
https://rmi.org/resources/states-are-opening-the-door-to-data-center-investment-in-virtual-power-plants/
https://rmi.org/resources/states-are-opening-the-door-to-data-center-investment-in-virtual-power-plants/
https://rmi.org/resources/how-virtual-power-plants-can-help-the-united-states-win-the-ai-race/
https://rmi.org/resources/how-virtual-power-plants-can-help-the-united-states-win-the-ai-race/
https://rmi.org/resources/how-virtual-power-plants-can-help-the-united-states-win-the-ai-race/
https://www.utilitydive.com/news/google-virtual-power-plant-vpp-pjm-voltus/821838/
https://www.utilitydive.com/news/google-virtual-power-plant-vpp-pjm-voltus/821838/
https://www.utilitydive.com/news/google-virtual-power-plant-vpp-pjm-voltus/821838/
https://www.utilitydive.com/news/google-virtual-power-plant-vpp-pjm-voltus/821838/
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Emerging Issues to Monitor



Emerging Issues for 2027: Conversations at
VP3's Annual Convening

Major Focus Areas/ Tracks Additional Conversations and Themes
- VPPs and Data Center Load Growth - VPPs and State Policy in the PJM
- Utility Business Model Reform to Region
Scale VPPs - Net Metering and VPP Participation
- Integrating New Distributed Battery - Integrating VPPs into Planning

Types into VPPs and the Grid

. . . - Competitive Retail 2.0
- Appliance-integrated batteries

- V2G
- Plug-in Batteries Connection to Interconnection: Emerging battery
- Front of the meter batteries solutions are blurring traditional boundaries between

non-exporting and export-capable devices.

RMI - Energy. Transformed. * VP3 Member Convening Held in Septemer 19



Questions for Consideration

1.

VPPs and Flexible/ Streamlined Interconnection: Could DER management
through a VPP help enable more flexible or streamlined interconnection? Are
any states already exploring this?

Technical Requirements: Which DER-side capabilities established through
interconnection requirements can also support VPP enrollment and operation?
How can regulators leverage those capabilities without creating duplicative or
overly prescriptive requirements?

. Regulatory Coordination: How can commissions connect DER-related topics

such as interconnection, VPPs, EVs, data, and distribution-planning work
without creating duplicative processes or slowing action?

Emerging technologies: How should interconnection rules treat V2H, plug-in
batteries, and plug-in solar when they can supply power but may not be
intended to export?

RMI - Energy. Transformed.
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DER Visibility and VPPs Capabilities: Key Figures
from EnergyHub’s VPP Maturity Model

Full VPP maturity level criteria

LEVELO LEVEL1 LEVEL 2 LEVEL 3 LEVEL 4

=1 I1vwr] v’l A S

Basic DR DR + Data Enhanced DR Automated VPP Grid-adaptive VPP
Figure 1: VPPs cutperform a peaker plant as capabilities mature Passes the Huels test? No No Almost Yes Yes
T ~10 short events, ~20 short events, ~40 4-hr events, 100+ 6-hr events, 24/7(365
¥ one season one season multi-season year-round operations
LEVELO LEVEL] LEVEL 2 LEVEL 3 LEVEL 4 S Requested start/ Defined Events with flatload  Follow daily, hourly Follow real-time grid
9 stop times start/stop times shed schedules signals
Grid- Dispatch latency Hours Hour+ <15 minutes <5 minutes <1 minute
Enhanced Automated adaptive Telemet None hourly with dela 15 minutel 5 minutel 2-6 seconds
Basic DR DR + data DR VPP VPP o . GEEE y Sl Lol
Data accuracy None Uncertain <10% error <5% error <2% error
Maonually reduce Demand bulti-season Poszes the Huels Respond to 0
G Kkt e v it T Test. Dynomicolly grid Forecast accuracy None Uncertain <15% error <10% error <5% error
without insights connectad with flat load shapes load with continuoushy by EMSISCADA for .
into performance devices that shopes and higher availability autonomoushy ;:"t'::ltri::: None Minimal Basic dispatch forecasts, dispatch, :e[::dlss + Grid DERMS/
provide bi- some locational OCross SeQsons optimizing g and telemetry
directicnal data control and integrations for miultiple Trigger from system Peak forecasting + Co-optimization for
into grid-control customer, Peak management Manual events Manual events load feed or system P P t?‘nes peak loads with other
systems bulk grid, and alert pY v : feeds
distribution - . - Co-optimization for
. system objectives Market prices Manual events Manual events i 2o 2 2 L s S real-time prices with
feed ahead prices
other feeds
Does not pass the test Replace power plant Exceeds power plant Adjust dispatch Optimization for retail gt’;ﬁ pt:g:;gz;'tg?_; or
Customer data None None based on typical rates or customer P .
- comfort, and other
retail rate comfort
feeds
System can optimally
User manually System recommends i
HPH H . Multiple grid services None None ; 1 ; select among grid
Energy Hub, Building Trustworthy Virtual Power Plants: i chooses grid service  settings to user ol
The VPP Matun‘tv Model 2026 - Limited number Heirarchical groups Any group with any
' ! Q Grouping None None of static groups, periodically synced topology, with real-time
E manually updated with grid models updates
E Locational forecasts None None Approximate Available High quality
s Grid optimization B R Trigger locational Optimize for static Optimize for dynamic
events grid limits grid limits

RMI - Energy. Transformed. 23


https://www.energyhub.com/resource/building-trustworthy-power-plants-vpp-maturity-model
https://www.energyhub.com/resource/building-trustworthy-power-plants-vpp-maturity-model

VPP policy and design takeaways from VPP
Flipbook research

VPP Policy and Design Considerations

3) Ensure VPPs are
leveraged to avoid
system costs

4) Adopt a pragmatic
and learning mindset
4a) Learn from leading

2) Maximize VPP value
by stacking services
2a) Design VPPs to

1) Increase access to
VPP options
1a) Remove barriers to

market-participant
VPPs (e.g. 3" party AMI
data access)

1b) Establish utility

VPPs
1c) Advance BYODC
solutions

RMI - Energy. Transformed.

provide local & bulk
system services

2b) Enable dual
enrollment in wholesale

market & utility VPPs

3a) Integrate VPPs into
planning

3b) Integrate VPPs into
operations

practice

4b) Start with a
workable policy/
program & improve it

over time

24
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- Introduction

- Guide and Template

- Discussion
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Poll Question (1)

« Has your Commission made any interconnection process changes recently? Are
you planning to make interconnection process changes?

* Yes, recent changes made to interconnection processes
* No changes planned

* Not yet, but planning an interconnection process change

m Energy Technologies Area e e e e e e e e e e
BERKELEY LAR




Poll Question (2)

 How do you currently (or plan to) track interconnection success?
« Tracking timeline improvements
» Tracking application to permission to operate completion rates
« Tracking upgrade costs

* Other [Write in response]

________________

m Energy Technologies Area e e e e e e e e e e
BERKELEY LAR




Definitions

- | What are distributed energy projects? What is interconnection?

) o Interconnection is the process of adding a distributed

. | Generation and storage technologies sited energy project to a utility's distribution system.

* | close to customers can provide all or some o The term may refer to the technical, procedural,

. | of their immediate power needs. These and legal requirements of the interconnection

- | technologies can be used to provide supply process.

. | or reduce demand to satisfy the energy, o Interconnection allows utility customers and third-party
capacity, or ancillary service needs of the service providers to connect generation and storage
electricity system as well. Distributed projects at customer premises and operate them in
energy projects can support electricity parallel with the utility system.
customer reliability, affordability, and
choice.

Adapted from NARUC 2016

Commissioning
and inspecting

Application

Assignment of
queue position Technif:al
screenings
and studies

Design,

procurement
and construction Opo_aratlon and
maintenance

Interconnection

agreement Image source: PGE

Interconnection Process Flow

Energy Technologies Area
BERKELEY LAR



https://portlandgeneral.com/resources-for-solar-installers/interconnection-process-overview
https://pubs.naruc.org/pub/19FDF48B-AA57-5160-DBA1-BE2E9C2F7EA0

Introduction (1)

« Transparent, publicly available data on interconnection projects, timelines, and costs
are vital for economically efficient deployment of distributed energy projects and to
evaluate utility interconnection performance and process improvements over time.

Lack of quality data hinder project siting decisions and can lead to
interconnection delays and high upgrade costs.

« Standardized data reporting, with regular updates, is integral to benchmarking and
tracking interconnection performance both within and across states and utilities
(Brown and Stanfield 2022 )—for example:

Interconnection statuses
Timelines for various interconnection phases
Upgrade costs by project size and type

Tl Energy Technologies Area
BERKELEY LAR


https://pv-magazine-usa.com/2022/02/01/improving-interconnection-timelines-the-need-for-data-and-enforcement/

Introduction (2)

Utilities require customers and third-party developers to provide data for reviewing
interconnection applications and conducting any technical studies that may be
needed.
However, data sharing practices on interconnection applications, timelines, and
costs vary significantly across the United States.
Types of data and frequency of data sharing are not standardized across the
country (NARUC 2023; Ingram et al. 2021).
Publicly available data are typically the result of state requirements for data
sharing.
Research by LBNL in the 2026 Distributed Interconnection Report found that detailed
public interconnection data are not widely available across the country (Chelminski et
al 2026; also see Cadmus 2024 on variability of data availability).

Ol Energy Technologies Area e e e e e e e

BERKELEY LaAB


https://pubs.naruc.org/pub/145ECC5C-1866-DAAC-99FB-A33438978E95
https://docs.nlr.gov/docs/fy22osti/75290.pdf
https://emp.lbl.gov/publications/interconnection-timelines-and-costs
https://emp.lbl.gov/publications/interconnection-timelines-and-costs
https://cadmusgroup.com/wp-content/uploads/2025/09/i2X-Task-2-White-Paper-FINAL_10.28.24.pdf

Introduction (3)

. The Department of Energy (DOE) Interconnection Information e-Xchange (i2X) set
N measurable distributed interconnection success targets for 2030.
N Measurable success targets for 2030
L -
. . Target ‘ System Size* 2030 Target Value
"I <50 kW Within 1 day”
"5 Timing gi‘h":s‘%"fo";é?’eﬂ;gnmt?ER Wi TBeAEEIE 50 KW—5 MW <75 days
>5 MW < 140days
<50 kw >99%
Blcompleten e homenteng e queve o | gt W
>5 MW > 85% !
o i 50 states, Washington, D.C., -
Data (3) Availability of public state-level Al and territories have public,
interconnection queue data ::jle%alled, and current queue .
ata
Reliability I[;lggzgﬁ‘[g gig‘[c{ur;bﬂaéleclnianegvents exacerbated by Al 0 :
. 25% improvement ]
i 5) L Cust A Int
Tesifenes E dr a?t‘igﬁrml&séxo(rgﬂn I\;grage nterruption All g%garm%r&a)l to 3 hours per .
* System size thresholds will vary across utilities and jurisdictions. .
% For systems that do not trigger system upgrades.
* Defined as 1 business day. .

* CAIDI with loss of load removed but major event days included.

Energy Technologies Area
BERKELEY LAR




Introduction (4)

*  Challenges for data sharing include:
«  Labor and resources needed to Distributed Interconnection Reporting Template
collect, aggregate, clean and L U m |opes
standardize the data,
- Computing requirements for data

Ll
- - - - L] - - - - - - -

: collection and sharing, and ——— -
i . . Harepl sty capaaty (D] T s o s DT
- Privacy and security of the data et NI - I
(Ingram et al. 2021). Semtin e o] (g e —

mmlfww mmmﬁhmﬂhh'*h J |

Interconrech o appilscah on caCiale T | rlerconmecion A0l anon s feces vid by |

*  This presentation discusses the template
for standardizing data fields for utility
interconnection reporting and companion

Termedhine il ofmalion

Tl dhstnbution yssern upgrace costs pad be DER

U|de. Cosd i ——— Comt of wpgrade: nfarconreschi on oushomer Dol ars [£1
g infer Mol 2 ool of e |Loak of A il of ot o
Tiodal $irshisn il ol dnr | el by it Dol s [§)
Additional Dats Fields

- - - - - L] - L] - - L] -

________________

m Energy Technologies Area e e e e e e e e e e
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https://docs.nlr.gov/docs/fy22osti/75290.pdf

Overview of LBNL i2X Distributed Energy Projects Interconnection Dashboard

. o ey o « LBNL’s Distributed Energy Projects
i Distributed Energy Projects Interconnection Interconnection Dashboard hamess_‘es data
. Dashboard from across the country on applications,
: Explorenla ity e B el eyt e SR timelines and costs for all typeS of distributed
. i generation and storage connected to utility
) _ distribution systems.
- Launch Data Query Tool Featured Starter Queries
- Build a custom query from scratch and jump Start with curated examples from the shared
Ty R e A - Data sources include public websites hosted
/% Featured Strter Queries v by utilities, public utility commissions, and
state energy offices; Data from
Interconnection.fyi, through a non-disclosure
[ —— agreement (NDA); Data collected directly from
s & - E;’.iri‘i?:f':fifl;f’.;"“ state agencies and utilities, including some

data under NDAs with utilities.

Energy TechnologiesArea e e e e e e e e e e e
BERKELEY LAD



https://distributedinterconnection.lbl.gov/home
https://distributedinterconnection.lbl.gov/home

Interconnection Data Availability Based on LBNL Report

Data:Avallability « States with timeline data for
I Timeline, Cost & Queue Data Interconnection Service
Agreement (ISA): CT, DC, MA,
ME, MN, NJ, RI, VA
» States with timeline data for
I Queue Data Only permission to operate (PTO): AZ,
No Data CT, DC, DE, IN, MA, MD, ME,
MN, MT, NY, OR, RI, TX, WA
» States with upgrade cost data:
CO, CT, NY, RI

- Timeline & Queue Data
Il Cost & Queue Data

Data Availability and Count of Projects by Metric

General Timeline  Timeline Upgrade
Information on (Days to ~ (Months Costs -
Distributed ISA) to PTO) .
Interconnection .
Dataset .
States 24 8* 15+ 4 i
Utilities 188 36 28 10 .
Total 2.73 million 237K 574K 226K
Projects i

Energy Technologies Area
BERKELEY LAR




Outline for Distributed Interconnection

Reporting Template

ol gy Technologies Area
BERKELEY LAR



Outline Interconnection Data Fields

Technology Interconnection

Project information information status

Programmatic

Timeline information Cost information information

Energy Technologies Area
BERKELEY LAD



Project Information

ol gy Technologies Area
BERKELEY LAR



Project Information

* Location information for the applicant
project (Optional level of detail*)

« City
. State
. ZIP code

* Feeder/substation number
. The feeder or substation identification number can
help locate a project on the grid with respect to other
projects.

* Interconnection/Project/Queue

identification number
. Identification number assigned to project at the time ’
of application that acts as a tracking number. Source: Zhang et al

- L] - L] - - L] -

*Some states and utilities report full addresses, while others consider this information to be confidential due to personally identifiable information (PII)

Energy Technologies Area
BERKELEY LAR



https://www.researchgate.net/figure/Feeder-configurations-in-the-Substation_fig3_228346586

Project Information: Additional Data Fields

« Customer sector type (e.g. « Third party ownership information
Residential, Commercial, Industrial, (where relevant):
Educational) - Third party ownership type (e.g.
PPA)
* Other locational information™: - Third party name
Property legal description (e.g.
Lot #) * Prior interconnection identification

number (where relevant)
* Installer information:
Organization Name *  Group study number (where relevant)
City, State, ZIP

*Some states and utilities report Latitude, longitude, combined location (e.g. 37.8758° N, -122.2486° W), while others consider this information to be
confidential due to PII

Tl Energy Technologies Area
BERKELEY LAR



| Technology Information

ol gy Technologies Area
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Technology Information

* Project technology type: Standardized list of technologies including multiple technologies for hybrid
projects

)

(i

(

e SUM
Combined Heat and Power. Natural Gas Generator.

Source: Catepillar Energy Source: AE H&C

.....
Touse sriTen

Biofuel Generator, Micro-Hydropower System.

S-Source"GPS Source:Alt-E . Source: Utlity Dive ]
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https://www.google.com/search?sca_esv=16067ccfc9d0a6cf&rlz=1C1GCEB_enUS1114US1114&sxsrf=APpeQntZ85OGcjIleGB4glx_3lNUO2dbrA:1788995271707&udm=2&fbs=ABfTbFVyMZGZf1hfvX9uKjN_-G8c4u0nXx4bEIpwm1lnNH832VstEKsVDqPorK0Gahnm2nq-aQnTz_mBV-EZYISbLc-S3LQBbMYAGT8xXTqdTxRg035UMv2Z78Np7XNhc7R_0KDLpOk9LBXOLKOfTUeXYi8vwbQzxPoRPLg7Wg8n7dnWTU8xZYJttHjDToCxfQISOR4pr9zPLEQLe4W2O2PGIvvU_dK1jg&q=solar+storage+image+distributed&sa=X&ved=2ahUKEwjO37LdzuKWAxVfITQIHexxJQoQtKgLegQIFhAB&biw=1163&bih=574&dpr=1.65#sv=CAMSURoyKhBlLUtieTYwTWlWMTdlTlRNMg5LYnk2ME1pVjE3ZU5UTToOejdxazR3akM5cGFVRE0gBCoXCgFzEhBlLUtieTYwTWlWMTdlTlRNGAEwARgHIPXLggNKCBABGAEgASgB
https://www.nlr.gov/wind/distributed-wind-futures
https://caterpillar-energy-solutions.de/en/news/news-releases/chp-plants-for-distributed-energy-generation-to-ensure-security-of-supply-during-power-outages/
https://www.aeheatingandcooling.com/blog/pros-cons-natural-gas-diesel-whole-house-generator
https://greenpowersolutions.com.au/the-role-of-biofuel-generators-in-achieving-energy-independence/
https://www.altestore.com/pages/micro-hydro-power-systems-overview?srsltid=AfmBOool7tb9Jq7HX9zXvk2Tvg6Hhs_XHYs5Q_qkMOX3MdNrNernHt25
https://www.altestore.com/pages/micro-hydro-power-systems-overview?srsltid=AfmBOool7tb9Jq7HX9zXvk2Tvg6Hhs_XHYs5Q_qkMOX3MdNrNernHt25
https://www.altestore.com/pages/micro-hydro-power-systems-overview?srsltid=AfmBOool7tb9Jq7HX9zXvk2Tvg6Hhs_XHYs5Q_qkMOX3MdNrNernHt25
https://www.utilitydive.com/news/texas-puc-aggregated-distributed-energy-resource-ader-pilot/635784/
https://planning.org/zoningpractice/2024/march/battery-energy-storage-systems/

Capacity

"I e \ . Distributed Energy Resource Information *
o ¢ C apa Cl ty IS d efln ed as th e tOtaI name pl ate Capa Cl ty Phase configuration of Distributed Energy Resource(s): 0 Single-Phase O Three-Phase
" Of th ea p pl | Cant pI'Oj eCt . DER Type (Check all that apply and list aggregate capacity of each type):
ol . . . O salar Photovoltaics Size (kW AC): 0 Wind Size (KW AC):
o ° TOtaI CapaCIty can be IISted In kWa MW or [ Storage Size (kW AC): 0O Other Size (kW AC):
= . G W Please specify other:
.5 . Capacity should be differentiated between _
; . Export Capacity Limitation *
"I a Ite rn at've curre nt (AC ) or d re Ct curre nt Is the Maximum Physical Export Capacity request the same as the nameplate capacity: O Yes O No
. (DC), and ideally both should be reported. : : U Yes please continue o the next section
. . If No, what is the Maximum Physical Export Capacity Requested (kWi):
L4 N ame p Iate g enera t| n g ca pa C|ty Is the Export Capacity Limited (e.g. though the use of a control system, power relay(s), or other similar devices

setting of adjustment?): O Yes O No

If Yes, please attach detailed information describing the method of limiting export capacity.

*  Export capacity for the projects that incorporate

energy Storage Inverter Interconnected System Information — non ESS (if applicable) *
. . . . . . Aggregate Inverter Rating (kW AC): | Number of Total Inverters:

° DIStInQUIShIng between the tWO dlfferentlates Phase configuration of inverter(s): O single-Phase O Three-Phase ]

between generator operating conditions and how Voltage of Inverterls): !

. . . . Inverter Manufacturer:

the inverter may set different capacity that is Lt e .

1 O UL1741 O UL1741-SA 0O UL1741-SB .

exported to the grld Inverter Rating (kW AC): Number of Units of this Model: E

. . . . . 2. Model No. Certification
*  Avoids overestimating grid impacts and O UL1741 O uL17415a O UL174158 I
Inverter Rating (kW AC): Number of Units of this Model: E

related upgrade costs

Minnesota Distributed Energy Resources Interconnection Process I
Source: IREC 2022 (MNDIP) Source: MN DIP
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https://mn.gov/puc/assets/MN%20DIP%202025%20Clean%20April%2024%202025_tcm14-623149.pdf
https://energystorageinterconnection.org/resources/batries-toolkit/

Examples of Differentiating by Non-Export

* Energy storage systems can introduce greater
levels of control over the amount and timing of
when a distributed system imports and exports
power (IREC 2022).

* In several states, interconnection procedures
treat non-exporting system with differentiated,
and sometimes expedited review processes. See
list of states below and examples.

States that differentiate non-exporting systems: AZ Administrative Code § R14-
2-2623(B); CA Pub. Util. Comm., Southern California Edison, Rule 21. § G.1.i
(Screen 1); HI Pub. Ufil. mm., Rule 22; IL Admin. Code tit. 83, § 466.80(c);
lowa Admin. Code r. 199.45.7(3); MD COMAR Code MD Regs.

20.50.09.11(C)-(D); NV Pub. Util. Comm., Docket 17-06014, NV Power Co.
Rule 15 § I.

Energy Technologies Area
BERKELEY LAR

. EXPEDITED INTERCONNECTION PROCESS FOR NON-EXPORT ENERGY

R14-2-2623 Expedited Interconnection Process — A Customer interconnecting a Non-
Exporting inverter-based Energy Storage Generating Facility or an Inadvertent Export
GF with a Maximum Capacity of 20 kW or less may apply for Interconnection under
the Expedited Interconnection Process. In order to qualify for the Expedited
Interconnection Process, the Customer's GF must meet the applicable conditions
specified in subsection (B) and (C) of R14-2-2623.

Excerpt of text from Arizona Interconnection Rules (APS)

ELECTRIC RULE NO. 21 Sheet 278

GENERATING FACILITY INTERCONNECTIONS

STORAGE GENERATING FACILITIES

Applicants with Interconnection Requests for Non-Export Energy Storage
Generating Facilities who meet the requirements outlined below are eligible for
expedited interconnection in accordance with the Fast Track Process technical
review requirements of Section F.2. Applicants with Non-Export AC/DC
Converters that meet the requirements outlined in O. below are also eligible.

Excempt of text from California Rule 21 (PG&E)


https://www.law.cornell.edu/regulations/arizona/Ariz-Admin-Code-SS-R14-2-2623
https://www.law.cornell.edu/regulations/arizona/Ariz-Admin-Code-SS-R14-2-2623
https://www.law.cornell.edu/regulations/arizona/Ariz-Admin-Code-SS-R14-2-2623
https://www.law.cornell.edu/regulations/arizona/Ariz-Admin-Code-SS-R14-2-2623
https://www.law.cornell.edu/regulations/arizona/Ariz-Admin-Code-SS-R14-2-2623
https://www.law.cornell.edu/regulations/arizona/Ariz-Admin-Code-SS-R14-2-2623
https://www.law.cornell.edu/regulations/arizona/Ariz-Admin-Code-SS-R14-2-2623
https://www.pge.com/tariffs/assets/pdf/tariffbook/ELEC_RULES_21.pdf
https://www.pge.com/tariffs/assets/pdf/tariffbook/ELEC_RULES_21.pdf
https://www.pge.com/tariffs/assets/pdf/tariffbook/ELEC_RULES_21.pdf
https://www.hawaiianelectric.com/billing-and-payment/rates-and-regulations/hawaii-island-rules
https://www.ilga.gov/agencies/JCAR/EntirePart?titlepart=08300466
https://www.ilga.gov/agencies/JCAR/EntirePart?titlepart=08300466
https://www.ilga.gov/agencies/JCAR/EntirePart?titlepart=08300466
https://www.law.cornell.edu/regulations/iowa/Iowa-Admin-Code-r-199-45-3
https://regs.maryland.gov/us/md/exec/comar/20.50.09.11
https://regs.maryland.gov/us/md/exec/comar/20.50.09.11
https://regs.maryland.gov/us/md/exec/comar/20.50.09.11
https://regs.maryland.gov/us/md/exec/comar/20.50.09.11
https://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-regulatory/electric-rules-north/Rule_15_Electric_North.pdf
https://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-regulatory/electric-rules-north/Rule_15_Electric_North.pdf
https://www.aps.com/-/media/APS/APSCOM-PDFs/Residential/Service-Plans/Understanding-Solar/InterconnectReq.ashx
https://www.pge.com/tariffs/assets/pdf/tariffbook/ELEC_RULES_21.pdf

Technology Information: Additional Data Fields (2)

* Aninverter is an electronic device that converts DC electricity
into AC electricity.
*  Some states collect and report data on inverter size in
interconnection reports.
MONITORING AND DATA COLLECTION
® Additional fields include:

¢ Component manufacturers: STANDARD

*  Generator manufacturer model #

¢ Generator quantity FOR

. Inverter manufacturer model #

*  Inverter quantity DISTRIBUTED ENERGY RESOURCE

¢  System output monitoring:

*  Some states require reporting on distributed system
output (production, stored, and consumed). The
standards set the metering accuracy needed for January 2020
compliance.

* New York State Energy Research and Development
Authority (NYSERDA)’'s System Output Monitoring New York’s System Output Monitoring Requirements and
Requirements and Guidance provides an example Guidance. Source: NYSERDA
(NYSERDA 2020).

(DER) SYSTEMS

- L] L] L] - - L] -
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https://der.nyserda.ny.gov/
https://der.nyserda.ny.gov/
https://der.nyserda.ny.gov/
https://dataint.s3.amazonaws.com/media/resources/NYSERDA+DER+Monitoring+and+Data+Collection+Standard+-+Jan+2020.pdf
https://dataint.s3.amazonaws.com/media/resources/NYSERDA+DER+Monitoring+and+Data+Collection+Standard+-+Jan+2020.pdf

Technology Information: Additional Data Fields (1)

¢ System Design:
Tilt: Angle of solar panels relative to the ground
(flat or parallel to the ground).
Azimuth: Direction that solar panels measured in
degrees (lllinois Shines).
* Mounting Method: e.g. Ground, Mixed, Rooftop
* Tracking:
- Fixed: A solar project that remains stationary with
panels mounted at a fixed angle
Single-Axis: Solar mounting system that rotates
panels along one axis
Dual-Axis: Solar mounting system that has two
rotational axes
- Source: Shielden

Tl Energy Technologies Area
BERKELEY LAR

33-37°

Tilt Ideal Range

Tilt range for the lllinois Shines
program Source: lllinois Shines


https://illinoisshines.com/system-design-best-practices-and-considerations/
https://shieldenstrut.com/blogs/news/fix-vs-tracking-solar-system/
https://illinoisshines.com/system-design-best-practices-and-considerations/

Programmatic Information
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Programmatic Information: Additional Data Information

) * Interconnection applications can PR y——
: i n CI u d e d ata fi eI d S for the ty pe Of "..! Account  Outages & Safety  Save Energy & Money  Business Resources
. interconnection program or net
: metering program a project is smote Overview
. subscribed to or participating in. erew
— Process and
requirements Net Energy Metering Aggregation (NEM2A)
* Examples include: macomecion | Quetins
" Interconnection program (e.g. “CA o T s e Nt o
EXP N EM ”, “N On-EXpOI’t”) interconnections properties, to use renewable generat'\c;n (e.g. solar panels) to serve the
. Netenergy metering tariff type (¢.91, 2 S e e e
° Net energy mete r| ng type (eg . V|rtua| net * There is no maxlimum generator size; however, the system must be sized
metering’ behlnd the meter’ net m eterl ng . rc22i::§;ZT:L; l::f;cta:;f:iﬁztiame property as the renewable

agg regatlon) generator or on properties adjacent or contiguous to it.
*  Net energy metering aggregation

Overview of net metering types for CA
PG&E interconnection applications
Source: PG&E

- - - - - L] - L] - - L] -
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https://www.pge.com/en/about/doing-business-with-pge/interconnections/net-energy-metering-program.html#tabs-d44b48149c-item-7bc647623e-tab

Interconnection Status

ol gy Technologies Area
BERKELEY LAR



Interconnection Status

The interconnection application status captures the current phase of a project in the interconnection process.

- - - - L] - - - - - - -

Application Interconnection application has been received by utility

Interconnection Service Agreement Interconnection service agreement has been executed or is under review

(ISA)

Under Study/Review Project is undergoing a technical review or study

Design and Construction Project interconnection design or construction is underway

Finalization Project is undergoing witness test, commissioning, or other final steps directly
prior to being placed in service

Permission to Operate (PTO) Utility provided permission to operate, or the project is in service

On Hold Project is on hold in the interconnection process

Cancelled/Decommissioned/Withdrawn  Project is either cancelled, withdrawn, or decommissioned

Energy TechnologiesArea e e e e e e e e e e e
BERKELEY LAD




Timeline Information
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Timeline Information

* The availability of timeline data varies across
utilities, in terms of the first year that
interconnection applications are reported, the Total DER Interconnection Time by Year
particular interconnection statuses covered, raalan ectri
and interconnection process dates reported.

225226

245
226
219 218 210
o 108 206 199 205
180
169 169
162 I161 i

2020 2021 2022 2023 2024 2025

Ll
- - - - L] - - - - - - -

*  Two important timeline measures are the
number of days/months/years between:

- (1) interconnection application submittal
and execution of the ISA with the utility,
and

- (2) application submittal and PTO or the
in-service date.
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Hawaii Electric Performance Scorecards and Metrics
Total number of days to PTO for <100 kW systems
Source: Hawaii Electric
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https://www.hawaiianelectric.com/about-us/performance-scorecards-and-metrics/interconnection-experience

Timeline Information: Additional Data Fields

« Timeline data for the following phase of interconnection can also be specified in

report. The inclusion of dates for each phase of interconnection also enables

tracking and reporting against specific timeline requirements.

Application Screen Study Supglt(lelrg;ntal ImpagttluD:;ailed Group Study “

) Date Supplementd Date Construction
| | Dak Appication Rae Review o Revew Begun Dae || Dae Impact Study || GroupStuty | | inerconnection Timeline Date Witness Test Autharization to
Received Begun y Revigx Complete Begun Designation AgreementSent Commitment Scheduled Interconnect
9 (Warkdays)
Date Application Date Review of Date Standard Date ISA &
= Deemed Conplete Screens Study - Process Initial Dae ,ISZ?‘?Q Study | Dae %r:upstu:ly =i Payment Received | Dae é:emsm.cion Dca:te W:értegsTest
Conpleted Review Begun gun gun omplete:
Tota Time Lapsed Date Standard
u (Workdays) L Process Initial |} Date Detailed Study || Data Group Study n Estimated In- L Dat Construcion
calculated value Review Complete Begun Sent Service Date Conpleted
Customer Time
|| Lapsed (Workdays) || Dae Detailed Study || system Madification
"clock” stoppaése by Sent Required
Customer
Utility Time Lapsed
(Workdays) enter Expedited/ Standard
= Yyogggy; without == / Complex Prgect
(o oppage
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Poll Question (3)

What kind of timeline data does your state report on?
- Interconnection Service Agreement
Permission to Operate

Every interconnection process milestone date
«  Other [Fill in blank]

________________
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Cost Information
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Cost Information

The interconnection cost information reports distribution system upgrade

costs paid by interconnection customers.

Additional data fields can include total system installation costs. However,

interconnection upgrade cost is a necessary field as a standalone data field.
Consider specifying that the total installation cost should exclude the
amount of incentives and or grants received.

Cost data is underreported across utilities. Some utilities report barriers to

sharing cost data.

Tl Energy Technologies Area
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Poll Question (4)

What are the biggest challenges to reporting data?
Confidentiality and PII
Cybersecurity concerns
Resources/lack of automation

Which fields pose the most challenges?
Project information
Timeline information
Cost information

________________
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Discussion Question

What type of interconnection data are a priority for utilities in your state to
collect data on and report?

C . Technology T S : -
Project information: Timeline information: Cost information:

* Address » Capacity * ISA » Upgrade costs
* Interconnection id #  Technology * PTO * Total system costs

________________
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Methodology
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To inform the template and companion guide, LBNL identified 24 states with utilities filing
interconnection reports.

« LBNL collected data as part of the LBNL Interconnection Timelines and Costs for Distributed
Energy Projects in the United States (2000-2025) report and Distributed Energy Projects
Interconnection Dashboard.

- Data sources included: public websites hosted by utilities, public utility commissions, and state
energy offices; data from Interconnection.fyi, through a non-disclosure agreement (NDA), which
also contributed to data standardization; Data collected directly from state agencies and utilities,
including some data under NDAs with utilities.

«  LBNL used the most recent report published or available (2023-2025). The metrics identified in
this report were also prioritized are from the DOE i2X Roadmap.

The metrics and data fields prioritized are pulled from the distributed interconnection report and
dashboard as the data fields needed to analyze applications, timelines, and upgrade costs. These are
common fields that are reported in distributed interconnection reports.

- The actual fields reported vary by state, but are often specified in public utility commission
proceedings and compliance tariffs.

«  The additional fields are highlighted as other data points included in some interconnection reports
that could be considered.
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Interconnection Dashboard Query Builder

< Back 1o Home o8 Query Builder

Explore and analyze distribution-level interconnection data across the United States
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 The interactive tool allows users to build
custom queries on interconnection
applications, timelines, and costs.
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« Dashboard also enables users to
download visualizations and associated
aggregated data.
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