California Independent System Operator Corporation

January 8, 2021
The Honorable Kimberly D. Bose
Secretary
Federal Energy Regulatory Commission
888 First Street, NE
Washington, D.C. 20246
Re:

California Independent System Operator Corporation
Co-located Resources Clarification
Docket No. ER21-____-000

Dear Secretary Bose:
The California Independent System Operator Corporation (“CAISO”) respectfully
requests the Commission accept tariff revisions clarifying market rules for co-located
resources.1 Specifically, the CAISO proposes to clarify that under limited, defined
circumstances, co-located resources at a single Generating Facility may deviate from
CAISO dispatch to compensate for each other using control technologies designed to
maintain reliability and safety at their point of interconnection. The CAISO also
proposes to introduce a new term, Mixed-fuel Resource, and change its defined term
for Hybrid Resource to incorporate Mixed-fuel Resource. The CAISO requests the
Commission issue an order accepting these tariff revisions effective March 12, 2021.
I.

Background
A.

Hybrid Resources and Co-located Resources

Interest in energy storage development is significant and growing in the western
United States. The Commission has promulgated rules to facilitate energy storage
participation in organized electricity markets.2 State policymakers and regulators are
promoting energy storage development to increase reliability and fulfill state energy

1

The CAISO submits this filing pursuant to Section 205 of the Federal Power Act, 16 U.S.C. §
824d, Part 35 of the Commission’s regulations, 18 C.F.R. § 35, and in compliance with Order No. 714,
Electronic Tariff Filings, FERC Stats. & Regs. ¶ 31,276 (2009). Capitalized terms not otherwise defined
herein have the meanings set forth in the Master Definitions Supplement, Appendix A to the currently
effective ISO tariff.
2

Electric Storage Participation in Markets Operated by Regional Transmission Organizations and
Independent System Operators, Order No. 841, 162 FERC ¶ 61,127 (2018), order on reh’g, Order No.
841-A, 167 FERC ¶ 61,154 (2019).
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goals.3 A key benefit of energy storage is its ability to reduce the intermittency and
optimize the performance of variable energy resources when it is co-located behind a
shared point of interconnection. The CAISO interconnection queue currently has over
30,000 MW of storage projects paired with wind or solar resources in development.4
The CAISO understands federal investment tax credits, state mandates, and local
public policies for energy storage located at the same site as solar resources are
significant drivers of these projects. Many load-serving entities and developers also
seek to pair energy storage with solar resources so the generating facilities can provide
consistent power and extend their capability even as the sun sets and demand peaks.
These combinations may be modeled as separate co-located resources or as a single
hybrid resource with multiple components using different fuel sources or technologies.
The distinction between co-located and hybrid resources is that co-located
resources operate in the CAISO’s markets as separate and independent resources.
Although co-located resources are located at the same generating facility from an
interconnection perspective, they are treated as separate market entities.5 Co-located
resources are always separate resources with separate Resource IDs.6 Co-located
resources submit separate bids and receive separate market dispatch instructions from
other resources with which they are co-located. They submit separate outages and
have separate metering arrangements.
In contrast, hybrid resources combine different components at a generating unit
location and are modeled as a single resource. The most prominent example is a
resource with an energy storage component and a variable energy component, such
as wind or solar, operating and modeled as one generator. A hybrid resource has one
bid curve that applies to all of its component parts. A hybrid resource receives one
dispatch instruction from the CAISO. The hybrid resource operator self-optimizes the
components of its resource to meet that dispatch instruction. The CAISO settles the
aggregate output of each hybrid resource under its single Resource ID.
3

See e.g. overview of energy storage activities in California at the following website:
https://www.cpuc.ca.gov/energystorage/.
4

The CAISO also has over 30,000 MW of stand-alone storage projects as well.
https://rimspub.caiso.com/rims5/logon.do.
5

Developers often elect to use separate Resource IDs for co-located generating units when
different load-serving entities have procured different amounts of capacity from the same site. For
example, a 100 MW generator could have one 50 MW contract with one load-serving entity, and one 50
MW contract with another. Bifurcating the resources allows the scheduling coordinators and loadserving entities to comply with their power purchase agreements more efficiently.

6

A Resource ID is a set of “[i]dentification characters assigned by the CAISO to Generating
Units, Loads, Participating Loads, Proxy Demand Resources, Reliability Demand Response Resources,
System Units, System Resources, and Physical Scheduling Plants.” Master Definitions Supplement,
Appendix A to the CAISO tariff. The CAISO uses Resource IDs to identify separate market resources.
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In addition to the interconnection requests the CAISO is studying, the CAISO
expects many hybrid and co-located resources to commence commercial operation
imminently by modifying existing generating facilities. Developers can add energy
storage to existing facilities through the modification process in their generator
interconnection agreements rather than submitting a new interconnection request so
long as they do not require additional interconnection service capacity or substantially
alter their electrical characteristics. This process ensures energy storage may safely
and reliably interconnect without the CAISO and participating transmission owners
needing to restudy interconnection service for the entire facility.7 The CAISO expects
over 1,000 MW will interconnect to the CAISO grid by May 2021 in either a co-located
or a hybrid configuration. Developers are adding storage to existing generating
facilities because they can do so more quickly and at a lower cost than establishing
new and separate interconnections for the storage units. Leveraging existing
infrastructure will reduce costs such as step-up transformer equipment that is already a
part of an existing generating facility.
Facilitating the efficient and reliable integration of additional energy storage
capacity in the form of co-located and hybrid resource configurations into operation of
the CAISO’s day-ahead and real-time markets is important and necessary. These
resources are coming online quickly and in great numbers, and the CAISO expects this
trend will continue.
B.

Hybrid Resources Initiative

The CAISO began a stakeholder initiative dedicated to hybrid resources in July
2019. The initiative’s first goal was to enable developers to elect either the co-located
resource or hybrid resource model. The CAISO submitted its first set of hybrid
resource tariff revisions from this stakeholder initiative in September 2020. Those tariff
revisions included (1) definitions for hybrid resources and co-located resources;
(2) creating an “aggregate capability constraint” in the market dispatch to allow colocated resources to manage the sum of their maximum operating level without the
need for additional interconnection upgrades; and (3) establishing data requirements
for hybrid resources to enable the CAISO to monitor hybrid resources and to provide
scheduling coordinators with a forecast based on meteorological conditions. The
Commission accepted these tariff revisions on November 19, 2020.9
8

The CAISO continues to work with stakeholders and policymakers through its
stakeholder processes to explore additional enhancements to integrate co-located and
7

CAISO tariff section 25.1 and Article 5.19 of Appendix EE to the CAISO tariff.

8

https://stakeholdercenter.caiso.com/StakeholderInitiatives/Hybrid-resources.

9

California Independent System Operator Corp., 173 FERC ¶ 61,146 (2020).
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hybrid resources.10 This effort will benefit from the CAISO’s initial experience
integrating co-located and hybrid resources and the experience of other transmission
providers.
II.

Proposed Tariff Modifications
A.

Deviations from Dispatch

Generators must follow the dispatch instructions they receive from the CAISO.11
This is one of the CAISO’s most fundamental rules, and reliability depends upon
generators’ compliance. Where a generator cannot meet a dispatch instruction, it must
contact the CAISO immediately.12 If a generator fails to follow a dispatch instruction,
the CAISO considers the generator “non-compliant” unless it has notified the CAISO of
an event that prevents it from performing its obligations within 30 minutes through the
CAISO’s outage management system.13 Where a generator is non-compliant, the
CAISO’s real-time market optimization software will re-issue dispatch instructions for
subsequent intervals based on the generator’s reduced capability.14
Co-located resources also must follow dispatch instructions and report outages
when they arise. However, the CAISO proposes to clarify one situation where the
CAISO will not consider co-located resources as non-compliant (and where the
scheduling coordinator should not report an outage). This situation occurs when an
intermittent resource produces energy above its dispatch instruction because
meteorological conditions differ from what was forecast, and the co-located energy
storage resource produces less energy15 than its dispatch instruction to ensure the
combined resources’ output does not exceed their shared interconnection service
capacity.16 In fact, the energy storage resource may reduce output to compensate for
the over-performing intermittent resource based on the control technologies installed to
ensure safety and reliability at the point of interconnection.17
10

More information on the status of the CAISO’s hybrid resource stakeholder process is available
at the following website: https://stakeholdercenter.caiso.com/StakeholderInitiatives/Hybrid-resources.

11

Section 34.13.1 of the CAISO tariff.

12

Id.

13

Section 34.13.2 of the CAISO tariff.

14

Id. Deviations also subject the resource to Uninstructed Imbalance Energy pursuant to Section
11.5.2 of the CAISO tariff.
15

Either by discharging less or charging more.

16

Proposed Section 34.13.3 of the CAISO tariff. Consistent with Order No. 845, generating
facilities like co-located resources may request less interconnection service capacity than generating
capacity.

17

Id.
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For example, assume a 100 MW solar resource is co-located with a 100 MW
energy storage resource, and their shared interconnection capacity is 100 MW.18 The
CAISO will only dispatch these resources to sum up to the interconnection service
capacity of 100 MW. Additionally, these resources must install control technologies
onsite to ensure they do not produce above the 100 MW.19
Eligible intermittent resources generally receive dispatch instructions from the
CAISO based on their forecast capability, but CAISO rules allow them to produce as
capable in real-time. Assume the CAISO’s market optimization issues a dispatch
instruction to the solar resource of 50 MWh based on its forecast for that interval.
Assume that the co-located energy storage resource also has bid and received an
award for 50 MWh in the same interval.
In real-time, there may be greater solar availability than what was forecast, and
the solar resource will be capable of producing 60 MWh instead of 50 MWh. The
current CAISO rules allow the solar resource to produce 60 MW. To ensure the colocated resources do not exceed their interconnection service capacity of 100 MW, the
onsite control technologies will direct the energy storage resource to produce 40 MW
instead of 50 MW. This is generally the optimal result because intermittent resources
have no energy costs, no control of their fuel source, and no ability to store energy for
later. Moreover, energy storage resources can save energy for discharge later.20 In
the relevant interval, the CAISO will still receive the 100 MW it expected at this location
on the grid.21
The Commission should accept the CAISO’s proposed clarification as just and
reasonable. Actual non-compliant deviations from dispatch instructions are
unexpected and problematic. The deviations described here for co-located resources,
on the other hand, are neither, and promote safety and reliability. Expressly excepting
them is consistent with the intent of the CAISO’s tariff and market structure.
The CAISO proposes to clarify these deviations will be settled consistent with
the CAISO’s normal practice of treating them as uninstructed imbalance energy.22 The
18

Pursuant to their interconnection request.

19

See Section 3.1 of Appendix DD to the CAISO tariff.

20

If the interconnection customer wanted complete control over the source of each MWh onto the
grid, it could elect to be a hybrid resource instead of co-located resources.
21

The CAISO expects the vast majority of co-located resources will be owned by the same entity
(i.e., affiliated). In any case, co-located resources enter co-tenancy agreements during the
interconnection process to coordinate shared rights and obligations, and they are free to include
provisions addressing any financial impacts from these deviations.
22

Proposed Section 34.13.3 of the CAISO tariff.
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CAISO also proposes to clarify co-located resources may not deviate from dispatch
instructions when providing ancillary services, as doing so could impact reliability.23
B.

Terminology Clarifications

To date, the energy industry has referred to mixed-fuel/technology generating
facilities as “hybrid resources.” Because Hybrid Resource is now a defined term in the
CAISO tariff that refers to a single-resource-ID participation model, it might be difficult
to determine whether any reference to hybrid resource involves the participation model
or the generic term. To remedy this issue, the CAISO proposes to introduce a new
term, “Mixed-fuel Resource,” defined as “a Generating Facility with components that
use different fuel sources or technologies, participating as a Hybrid Resource or Colocated Resources.”24 The CAISO also proposes to incorporate this into the existing
definition of hybrid resource.25 The CAISO proposes to redefine a Hybrid Resource as
“a Mixed-fuel Resource with a single Resource ID at a single Point of Interconnection.”
This new term and this revision will clarify the CAISO tariff and avoid confusion.
III.

Stakeholder Process

The CAISO initiated a process to obtain stakeholder input concerning the
proposed tariff revisions included in this filing in 2020. The CAISO published several
proposals, accepted written comments and held public teleconferences to discuss the
elements included in this filing.26 Stakeholders generally supported these tariff
revisions. The CAISO anticipates submitting the remainder of the Hybrid Resources
Phase Two tariff revisions this Fall as part of the CAISO’s market software release.
IV.

Effective Date

The CAISO requests the Commission issue an order accepting these tariff
revisions effective March 12, 2021, 61 days from today.

23

Id.

24

Proposed “Mixed-fuel Resource,” Appendix A to the CAISO tariff.

25

Co-located resources can be mixed-fuel resources or same-fuel resources, and therefore the
CAISO does not need to incorporate Mixed-fuel Resource into
26

A record of the ISO’s stakeholder process and comments received is available at the following
website: https://stakeholdercenter.caiso.com/StakeholderInitiatives/Hybrid-resources.
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V.

Communications

Please address communications regarding this filing to the following individuals,
whose names the CAISO requests the Commission place on the official service list
established with respect to this submittal:
William H. Weaver*
Senior Counsel
California Independent System
Operator Corporation
250 Outcropping Way
Folsom, CA 95630
Tel: (916) 608-1225
Fax: (916) 608-7222
bweaver@caiso.com

Andrew Ulmer*
Director, Federal Regulatory Affairs
California Independent System
Operator Corporation
250 Outcropping Way
Folsom, CA 95630
Tel: (916) 608-7209
Fax: (916) 608-7222
aulmer@caiso.com

*Individuals designated for service pursuant to Rule 203(b)(3).27
VI.

Service

The CAISO has served copies of this transmittal letter, and all attachments, on
the California Public Utilities Commission, the California Energy Commission, and
parties with effective scheduling coordinator service agreements under the CAISO
tariff. In addition, the CAISO is posting this transmittal letter and all attachments on the
CAISO Web site.
VII.

Materials Provided In This Filing
The following documents, in addition to this transmittal letter, support this filing:

27

Attachment A

Clean tariff sheets incorporating the revisions described in
this filing

Attachment B

Sheets showing, in redline format, the changes to the
currently effective tariff described in this filing

Attachment C:

Memorandum to CAISO Board of Governors dated
November 18, 2020

Attachment D:

Revised final proposal on policy

18 C.F.R. § 385.203(b)(3).
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VIII.

Conclusion

For the reasons described above, the CAISO respectfully requests that the
Commission accept the CAISO’s proposed tariff revisions. Please do not hesitate to
contact the undersigned if you have any questions.
Respectfully submitted,
By: /s/ William H. Weaver
Roger E. Collanton
General Counsel
Andrew Ulmer
Director, Federal Regulatory Affairs
William H. Weaver
Senior Counsel
California Independent System
Operator Corporation
250 Outcropping Way
Folsom, CA 95630
Tel: (916) 351-4400
Fax: (916) 608-7222
aulmer@caios.com
bweaver@caiso.com
Counsel for the California Independent
System Operator Corporation
Dated: January 8, 2021
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- Hybrid Resource
A Mixed-fuel Resource with a single Resource ID at a single Point of Interconnection.

*****

- Mixed-fuel Resource
A Generating Facility with components that use different fuel sources or technologies, participating as a
Hybrid Resource or Co-located Resources.

*****

34.13.3

Co-located Resources and Dispatch Instructions

Co-located Resources that are Non-Generator Resources may deviate from Dispatch Instructions only
pursuant to this Section. A Co-located Resource that is a Non-Generator Resource may deviate from a
Dispatch Instruction where a co-located Eligible Intermittent Resource at the same Generating Facility is
producing above its Dispatch Operating Target due to meteorological conditions such that the Co-located
Resources’ combined output would exceed the Interconnection Service Capacity of the Co-located
Resources, or otherwise threaten reliability or safety. Such deviations may only occur through proper
control technologies that ensure the combined output of all Co-located Resources does not exceed the
Generating Facility’s Interconnection Service Capacity.
All deviations from Dispatch Instruction will be subject to Uninstructed Imbalance Energy. A Co-located
Resource that is a Non-Generator Resource may not deviate from a Dispatch Instruction pursuant to this
section if it is providing Ancillary Services in the same Dispatch Interval.
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- Hybrid Resource
A Generating UnitMixed-fuel Resource, with a unique single Resource ID at a single Point of
Interconnection, with components that use different fuel sources or technologies.

*****

- Mixed-fuel Resource
A Generating Facility with components that use different fuel sources or technologies, participating as a
Hybrid Resource or Co-located Resources.

*****

34.13.3

Co-located Resources and Dispatch Instructions

Co-located Resources that are Non-Generator Resources may deviate from Dispatch Instructions only
pursuant to this Section. A Co-located Resource that is a Non-Generator Resource may deviate from a
Dispatch Instruction where a co-located Eligible Intermittent Resource at the same Generating Facility is
producing above its Dispatch Operating Target due to meteorological conditions such that the Co-located
Resources’ combined output would exceed the Interconnection Service Capacity of the Co-located
Resources, or otherwise threaten reliability or safety. Such deviations may only occur through proper
control technologies that ensure the combined output of all Co-located Resources does not exceed the
Generating Facility’s Interconnection Service Capacity.
All deviations from Dispatch Instruction will be subject to Uninstructed Imbalance Energy. A Co-located
Resource that is a Non-Generator Resource may not deviate from a Dispatch Instruction pursuant to this
section if it is providing Ancillary Services in the same Dispatch Interval.
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California Independent System Operator Corporation

Memorandum
To:

ISO Board of Governors

From: Mark Rothleder, Senior Vice President, Chief Operating Officer
Date: November 11, 2020
Re:

Decision on hybrid resources policy proposal

This memorandum requires Board action.
EXECUTIVE SUMMARY
Interest in energy storage is significant and continues to grow as state and federal
policy makers and regulators promote energy storage development to help decarbonize
the grid. Throughout the West, it is expected that energy storage paired with wind and
solar resources will be pursued to accommodate the retirement of natural gas and coal
fired generation. In particular, the ISO has identified a potential shortfall of capacity to
meet projected system net load peaks over the next few years because of pending
retirements of the once-through cooled natural gas generation fleet. To address this
shortfall, storage resource developers have submitted a significant number of
interconnection requests and are moving quickly to fill the 3,300 MW procurement
mandate from the California Public Utilities Commission prior to 2023. To meet this
need, the ISO anticipates a significant amount of new storage generation capacity in
California alone in 2020, 2021 and 2022.
Under the hybrid resources initiative, Management has developed two different market
models for generation with different technology types located behind the same
interconnection. The first option is the ‘co-located’ resources model and was approved
by the Board in July. Under this model the resources behind the interconnection have
separate resource IDs and are separately dispatched through the ISO market even
though they may have a shared commercial interest. The second option, for which
Management seeks Board approval now, is a model for ‘hybrid’ resources, where the
generation resources are modeled under a single resource ID. The hybrid model allows
for the underlying resources to be managed by the resource operator as opposed to the
ISO. Management proposes market enhancements to allow for the effective
management and dispatch under the hybrid resources model and some additional
enhancements to the co-located resources model.
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First, Management proposes new provisions for managing hybrid resources to allow
them to provide both energy and ancillary services. The proposal also includes a
dynamic limit tool that will enable the resource operators to communicate their
maximum and minimum operating limits to the ISO in real-time. This tool will help the
ISO ensure it is issuing feasible dispatches to hybrid resources participating in the
market. Next, Management proposes additional functionality to enable co-located
resources to provide ancillary services in addition to energy. Management is also
expanding the co-located model to accommodate deviations from dispatch instructions
under certain conditions to avoid renewable resource curtailments. Finally,
Management’s proposal includes a new requirement for telemetered data, called the
high sustainable limit, from both hybrid and co-located resources that have a variable
resource component. This information will help the ISO forecast the variable
components of the hybrid and co-located resources.
This initiative falls within the advisory role of the EIM Governing Body and was
presented to them during the November 4, 2020 EIM Governing Body meeting. The EIM
Governing Body supports this initiative.
Management proposes the following motion:
Moved, that the ISO Board of Governors approves the tariff revisions
necessary to implement the proposal for hybrid resources as
described in the memorandum dated November 11, 2020; and
Moved, that the ISO Board of Governors authorizes Management to
make all necessary and appropriate filings with the Federal Energy
Regulatory Commission to implement the proposed deliverability
methodology revisions, including any filings that implement the
overarching initiative policy but contain discrete revisions to
incorporate Commission guidance in any initial ruling on the
proposed tariff amendment.
PROPOSAL
Ancillary service provision and expansion of the aggregate capability constraint
for co-located resources
Management proposes to allow both hybrid and co-located resources to be certified to
provide ancillary services. The co-located resources proposal approved by the Board in July
includes new functionality for co-located resources to participate in the market where their
combined energy delivery is constrained by the capability at their point of interconnection to
the grid. This policy proposal expands on this capability and allows co-located resources
behind a shared point of interconnection to participate in the ancillary service market. The
aggregate capability constraint ensures that the combined energy output of co-located

MPP/M&IP/I&RP/G. Murtaugh
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resources does not exceed the capability of their shared point of interconnection. To allow
adequate time for testing and vetting, the proposal only includes market awards for energy
in the original specification of the aggregate capability constraint that will be implemented
later this year. Management proposes to expand the aggregate capability constraint to also
include market awards for ancillary services. This functionality will allow co-located
resources to participate in both the energy and the ancillary service markets starting in the
fall of 2021.
The Dynamic Limit Tool
A hybrid resource is modeled and operated as a single resource, but it can have multiple
underlying generating types supporting it and operating at a single point of interconnection.
Each technology type underlying a hybrid resource may have individual operational
challenges. For example, variable energy resources may be unable to produce at full
capability during all periods of an operating day, although these resources may have
predictable operating patterns during the day. Similarly, storage resources are only capable
of producing after they have been charged. A hybrid resource that has variable energy and
storage components will have operational challenges given the different limitations of the
underlying technology types. Management does not propose to extend the same
functionality offered to independent variable energy resources to hybrid resources. For
instance, unless given a curtailment instruction from the ISO, variable energy resources are
allowed to produce as capable to account for variability in output, and the market software
optimizes state of charge for storage resources. A hybrid resource will have neither market
function, and will have requirements to submit bids to, and follow all dispatch instructions
from, the ISO. Hybrid resources will be managed by their operator like other resources
available for dispatch to fulfill market awards and commitments.
To account for the variable nature of hybrid resources, Management proposes to develop a
new tool for hybrid resources to communicate their generating potential to the ISO. This
information will support feasible dispatch instructions in real-time. Management proposes a
dynamic limit tool that will be available to hybrid resources to specify the upper and lower
operational limits for the resource for each five minute interval, going out three hours into the
future.
Allowance for co-located storage to deviate from dispatch instruction
To ensure grid reliability by maintaining supply and demand balance, the ISO expects
resources to respond and accurately follow dispatch instructions. During the stakeholder
process, stakeholders requested that storage resources co-located with variable generation
resources should be given an accommodation to deviate from dispatch instructions to
manage the variable output of solar and wind co-located resource components. After
considering this request, Management proposes to allow co-located storage resources to
deviate from dispatch instructions in limited circumstances where the following criteria are
met: 1) the co-located variable resource(s) are able to produce above their dispatch level, 2)
additional variable generation above their dispatch level would result in violating the
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aggregate capability constraint, and 3) the co-located storage resource is not providing
ancillary services. Under these conditions, Management proposes to allow a co-located
storage resource to deviate from its dispatch instruction and “back down” (charge more or
discharge less) from its dispatch award.
Data Collection and the High Sustainable Limit
Management proposes a new obligation for co-located and hybrid resources with a wind or
solar component to provide certain data to the ISO to help the ISO better operate these
unique resources. Co-located resources are modelled as two independent resources, and
they have data requirements as if they are stand-alone resources. Today, the ISO requires
a suite of meteorological data submitted from variable energy resources, wind and solar,
including forecast data that is used to estimate the output of these variable resources at any
given time. Similarly, the ISO requires that storage resources provide state of charge data
to the ISO, which the ISO uses to manage and accurately account for the state of charge for
these resources. This policy will require hybrid resources that include either a variable
energy or storage resource component submit relevant information about the hybrid
resource to the ISO. For example, if a hybrid resource has a solar and storage component,
the scheduling coordinator for that resource would be responsible for submitting both
meteorological data for the solar component and state of charge data for the storage
component of the resource.
Additionally, the ISO proposes to collect a new data field, called the high sustainable limit,
for all co-located variable resources and each variable component of hybrid resources. The
high sustainable limit estimates the maximum capability for a solar or wind resource at any
specific time. This data point will help the ISO produce better forecasts for these resources.
Today forecasts are partially based on the actual output of the variable resource and do not
consider when the output is dispatched below full capability by the market. Once the high
sustainable limit data is available, the ISO will have better visibility into the capability of the
co-located resource throughout the operating day.
Application of the resource adequacy availability incentive mechanism to hybrid and
co-located resources
Resources shown by load serving entities as resource adequacy resources are subject to
the resource adequacy availability incentive mechanism. This provision compares a
resource’s monthly availability to the fleet average availability. Resource adequacy
resources that are available significantly less than the fleet average incur a charge, while
resources that are available more than the fleet average receive a payment based on the
charges collected. The intent of the resource adequacy incentive mechanism is to provide
an incentive for resource adequacy resources to maximize their availability during months
they are designated as resource adequacy resources. Variable energy resources are
exempt from the resource adequacy mechanism. The primary reason for the exemption is
that their resource adequacy capacity value is based on their historical output (expected
load carrying capability methodology) which accounts for their variable nature. Applying the
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resource adequacy incentive mechanism would result in double penalizing these resources
for their availability.
For co-located resources, the application of the resource adequacy availability incentive
mechanism is straightforward. The variable energy resource component is exempt while the
incentive mechanism is applied to the storage component. On the other hand,
complications arise for hybrid resources which have a single resource ID for the aggregated
resources. The CPUC has established the hybrid resources resource adequacy capacity
value as the combined value of the variable energy resource and the storage resource. The
variable energy resource component capacity value is discounted through the expected load
carrying capability methodology and is then combined with the storage component capacity
value. Applying the resource adequacy incentive mechanism to hybrid resources would
result in potentially double penalizing the variable energy resource component for its
availability. Moreover, it would require complex settlement provisions that the ISO would
have to implement to separate the application of the incentive mechanism to the storage
component of a hybrid resource. Therefore, Management proposes to exempt hybrid
resources from the resource adequacy incentive mechanism. This exemption will be in
place until the resource adequacy incentive mechanism is replaced with the unforced
capacity value methodology (UCAP) currently be developed in the resource adequacy
enhancements initiative.
STAKEHOLDER POSITIONS
Stakeholders are generally supportive of the hybrid resources policy and also agree
with Management’s proposal to move quickly to adopt the proposed hybrid resources
models so that new resources coming onto the market will be able to utilize these tools
upon interconnection or shortly thereafter. Further, stakeholder feedback was integral
for developing provisions to allow co-located storage resources the ability to deviate
from dispatch instructions and for determining how best to use the dynamic limit tool to
reduce the reliance on the outage management system. However, stakeholders
continue to make requests to enhance the functionality proposed in this initiative.
Stakeholders requested allowances for co-located storage to deviate from dispatch
instructions to provide additional energy when on-site renewables are producing less
than forecast. This would be an additional allowance to what is already included in this
proposal. Management understands the desire for additional functionality but is
concerned that this specific request could result in reliability concerns. Allowing storage
resources to deviate from dispatch and charge less or discharge more in any given
interval will potentially result in lower state of charge values for storage resources than
anticipated by our market software, which could in turn lead to reliability issues.
Stakeholders also asked a number of questions and for additional clarity around the
treatment of hybrid resources within the resource adequacy construct. In particular,
several stakeholders raised concerns about the different application of the resource
adequacy availability incentive mechanism to co-located and hybrid resources.

MPP/M&IP/I&RP/G. Murtaugh

Page 5 of 6

Management believes that the different application is justified to not double penalize the
variable energy resource component of the hybrid resources and to avoid complex and
costly implementation of settlement provisions that would be required to apply the
incentive mechanism to hybrid resources. Moreover, the exemption is only expected to
be in place for a short period until new availability incentives are implemented as part of
the resource adequacy enhancements initiative. This policy will consider how all
resources, including hybrid and co-located resources, will count for unforced capacity,
or UCAP, values applied under the new paradigm. This policy also will determine
bidding rules and obligations for all resources in the future. Management encourages
stakeholders engaged in the hybrid resources initiative to also follow policy
development in the resource adequacy enhancement initiative for details about
treatment of these resources in the resource adequacy market in the future.

CONCLUSION
The ISO is experiencing rapid growth in the amount of storage resources on the system,
many of which will be modeled as either co-located or hybrid resources. It is essential
that the ISO develop and implement market rules for these resources quickly to
accommodate the influx of new resources. This policy advances models for both
configurations and puts necessary tools in place for reliable operation of these
resources on the grid.
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1. Executive summary
Interest in energy storage is significant and growing as state and federal policy makers and
regulators support energy storage development and believe in its ability to help decarbonize the
grid. In California, energy storage paired with wind and solar may reduce reliance on natural
gas fired generation and help the state achieve its energy policy goals. Interconnection
customers have submitted a significant number of interconnection requests for projects that
incorporate stand alone and hybrid energy storage resources in response to this direction. The
ISO anticipates the quantity of mixed-fuel resources will increase significantly in the coming
years. Today, there is about 550 MW of storage and hybrid resources interconnected to the
ISO grid, but the ISO anticipates about 1,500 MW of these resources by the end of 2021 and
continued rapid growth over the next few years. These resources make up a majority of the
interconnection queue for new resources coming onto the system in the future.
The ISO is committed to enhancing the participation of energy storage in the ISO’s markets and
continues to work with stakeholders to identify potential new or enhanced market rules and
business processes needed to accommodate the unique attributes of energy storage. In
anticipation of hybrid resources connecting to the grid, the ISO developed a hybrid resources
technical bulletin in 2016 to provide initial guidance.1
Resource developers are combining generation technologies such as gas, solar or wind projects
with energy storage to create enhanced resources for grid operations and systems that qualify
for investment tax credits. The ISO received many inquiries from interconnection customers
interested in developing such projects, and is anticipating that development of hybrid and colocated resources will accelerate over the coming years.
The ISO launched this stakeholder initiative to identify potential new or enhanced market rules
and business processes needed to accommodate hybrid resources. The ISO proposes two
sets of market rule changes within this initiative to facilitate mixed-fuel type projects (i.e. hybrid
and co-located resources) participation in the ISO’s markets. The first set of modifications
generally concern setting up and operating co-located resources and was approved by the ISO
Board of Governors in July. The ISO anticipates implementation of these changes in the market
on December 1, 2020. The second set of modifications, detailed in this proposal, focuses on
hybrid resources and includes some changes to treatment of co-located resources. The ISO
plans to present market rule changes for co-located resources to the ISO Board of Governors
for approval in November 2020, and implement these changes in fall 2021.
Updates for Outage Submission
The ISO received significant feedback from stakeholders on the outage submission process and
in response has simplified the process for submitting outages and for use of the dynamic limit
tool. This proposal outlines specific rules that hybrid resources will need to adhere to when
submitting outages, which includes submitting outages for typical mechanical issues. These
1

Hybrid Resources Technical Bulletin, 2016: https://www.ISO.com/Documents/TechnicalBulletinImplementationofHybridEnergyStorageGeneratingFacilities.pdf.
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outages will be consistent with outages that other resources on the ISO grid must adhere to
when submitting outages. However, hybrid resources will also have access to the dynamic limit
tool, where ambient outages and unavailability due to changes an underlying variable energy
component may be captured. The ISO believes this change addresses this stakeholder
concern and simplifies the approach to unavailability for hybrid resources. The ISO has also
worked to ensure that this methodology can be accommodated in the proposed changes to the
resource adequacy program.

2. Stakeholder engagement plan

Date

Milestone

October 5

Publish final proposal for hybrid resources

October 15

Stakeholder teleconference

October 29

Comments on the final proposal due

November 4-5
November 18-19

December 1, 2020
February 2021
Fall 2021

ISO/M&IP/G. Murtaugh

EIM Governing Body
ISO Board of Governors meeting for hybrid proposal

Implement co-located proposal, without AS
Implement allowance for storage resources to deviate down
Implement hybrid and full co-located proposal
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3. Definitions
The ISO proposes the following definitions:
Hybrid Resource: “A Generating Unit, with a unique Resource ID at a single Point of
Interconnection, with components that use different fuel sources or technologies.”
The ISO recognizes that this definition may not be universal. For example, pairing a small
amount of energy storage with a conventional generator where the storage would only be used
to meet station power demand may not require any treatment unique to hybrid resources
beyond how the resource is initially studied and modeled. The proposed hybrid resources
definition will not apply to multi-stage generators or other resource configurations that have
multiple units of a single fuel-type or single generation technology.
The ISO also proposes to require that hybrid resources meet the minimum sizing requirements
for both of the underlying generation components: 500 kW for any participating generator hybrid
resource component and 100 kW for any storage hybrid resource components.2 The ISO has
clarified this aspect of the proposal to avoid confusion regarding the sizing requirements for
hybrid resources.
Co-located Resource: “A Generating Unit with a unique Resource ID that is part of a

Generating Facility with other Generating Units. An EIM Participating Resource with a
unique Resource ID that is part of a single resource with other EIM Participating
Resources.”
The concept of the co-located resource is that there could be a combination of multiple different
generation technologies of different fuel types behind a single point of interconnection that each
participate in the ISO markets as distinct resources with their own market resource ID. The
collection of resource behind the point of interconnection are optimized by the ISO’s market
using the entire collection of bids or self-schedules. Each resource is individually metered and
telemetered. Co-located resources may be comprised of one or more variable energy
resources or resources that are not variable energy resources.

2

ISO Tariff Section 4.6.3.2 requires participating generators to be 500 kW or greater. Pursuant to Order
No. 841, the ISO has proposed to lower the minimum capacity requirement for storage resources to
100 kW, effective December 3, 2019.
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4. Proposal
This draft final proposal outlines rules for hybrid and co-located resources, including market
participation rules, forecasting requirements, ancillary services eligibility, metering requirements,
and implications for participation in the resource adequacy program. These proposals are
summarized by the following list, and details are provided in each of the subsections below.
The policy outlined in this document will go before the ISO Board of Governors for approval at
the November 2020 meeting. The ISO will then implement the policy allowing co-located
storage (Section 4.7) to deviate from dispatch under certain conditions. This particular colocated resources capability will be implemented as quickly as possible since this capability
requires no software development. The remainder of the hybrid resource policy will be
implemented with the fall software release in 2021. The ISO completed its initial policy
proposals for co-located resources, which was approved by the ISO Board of Governors in July,
2020 – and will implement this policy on December 1, 2020. Complete details for the policy
proposed there were included in the second revised straw proposal for the hybrid resource
initiative.3

Key Policy Proposals:
















3

(4.1)
(4.1)
(4.1)
(4.1)
(4.2)
(4.2)
○
○
(4.2)
(4.2)
○
(4.3)
○
○
○
○
(4.4)
(4.5)
(4.5)
(4.7)
○
○

Hybrid resources will have access to the same bidding tools as other resources
Hybrid resources will be expected to follow ISO dispatch instructions
Hybrid resources are required to submit state of charge data to the ISO
Hybrid resources are required to submit outage cards for mechanical outages
Hybrid resources are not VER resources, but will have access to dynamic limits
Hybrid resources will submit meteorological data for all VER components
Hybrid resources will be required to have meteorological equipment installed
Meteorological data for hybrid resources will include the high sustainable limit
Co-located variable energy resources will provide a high sustainable limit
ISO will offer forecasting services for VER components of hybrid resources
Hybrid resources may self-provide forecasts to the ISO for VER components
Hybrid resources will have access to a “dynamic limit” tool in RT, similar to VERs
Hybrid resources will self-submit dynamic limits to real-time bids
Hybrid resources can use ISO forecasts to inform dynamic limits
Dynamic limits will cover ambient and VER unavailability
Dynamic limits need not be duplicative of outage cards
Hybrid resources will be modelled using the NGR model
Hybrid resources will provide metering data at their point of interconnection
Hybrid resources will provide metering data for all VER components
Co-located storage may produce less than dispatch under certain circumstances:
The co-located VER resource must be producing above dispatch
The co-located resource would otherwise be producing above POI limits

Hybrid resources policy page: http://www.caiso.com/StakeholderProcesses/Hybrid-resources.
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○
○
○
(4.8)
(4.12)
(4.12)
○

The co-located resource will bear burden of procuring all information necessary
The co-located resource may not be providing ancillary services
All energy absorbed would be charged UIE
Hybrid and co-located resources may provide ancillary services
The ISO encourages hybrid resources to bid charging capacity into the grid
ITC resources may receive special modeling considerations in DEB
These will only be granted for resources that cannot recover costs from
economically bidding into the market
(4.13) Must offer obligations and counting will not change for co-located resources
○ Obligations will be based on individual resource type
(4.13) Hybrid resources will count for credit in the manner outlined by the CPUC
○ Hybrid resources will be subject to UCAP after implementation of RAE
○ Hybrid resources will not be subject to RAAIM
(4.13) ITC resources may receive special modeling considerations in DEB
○ These will only be granted for resources that cannot recover costs from
economically bidding into the market

4.1. Market interaction
Hybrid resources will be optimized and dispatched by the ISO in the day-ahead and real-time
markets like other resource types. Hybrids will receive market awards based on cleared
schedules and bids submitted in the real-time market 75-minutes prior to the operating hour.
The ISO will expect hybrid resources to follow all ISO market awards and dispatch instructions,
and will assess uninstructed imbalance energy (UIE) at the real-time market prices for any
deviations from dispatch instructions.
To address timing risk between bid submission and dispatch, the ISO is offering a dynamic limit
tool, which can limit the dispatch instruction from the ISO for portions of the bid curve that are
unavailable for dispatch based on actual production limitations for the hybrid resource. The
dynamic limit tool is discussed further in section 4.2 below.
The ISO will not optimize state of charge for hybrid resources. However, hybrid resources will
be required to submit this information to the ISO, which will be submitted to the ISO along with
other telemetered values. This information may be used to by the ISO to verify that hybrid
resources were capable of meeting dispatch instructions. Resource operators will need to
manage the state of charge of any storage component through typical bidding patterns and
submissions of the upper dynamic limit.
Hybrid resources will be responsible, like other resources on the system, for notifying the ISO
whenever they are not available for dispatch. Onsite charging is a feature that many hybrid
resources have asked for, but this feature inherently reduces the availability of a hybrid resource
for dispatch from the ISO market. This reduction in dispatch capability must be captured and
submitted to the ISO through the ISO’s dynamic limit tool. Similarly, a hybrid resource may be
comprised of a variable energy component, which may not be able to physically produce at full,
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or any output, at certain times of the day based on fuel availability. These outages would also
be submitted to the ISO through the dynamic limit tool, in the real-time market. Examples of this
are illustrated in section 4.12 below.

4.2. Forecasting
Today, the ISO classifies wind and solar stand-alone resources as variable energy resources
(VERs). The ISO uses forecasts for these resources to determine an upper economic limit that
they may receive for a market award through ISO dispatch. This allows variable energy
resources additional flexibility when bidding into the ISO markets, particularly in real-time.
As an example, the sun may be rising and solar output at a specific resource may be increasing
from 50 MW, to 52 MW, to 55 MW during three specific consecutive five minute intervals.
Participating resources are only allowed to submit one bid curve applicable for each hour, which
cannot be adjusted during that hour, inclusive of solar resources. The ISO has market rules that
limit the upper range that a solar resource may be dispatched to in the real-time market. For
this example resource, the ISO would be limited to sending a dispatch instruction that is equal to
or less than the forecast value. This ensures that the resource receives a feasible dispatch
instruction, which includes information from the most recent ISO forecast. This also helps limit
the resource’s exposure to deviation charges, which are calculated based on the difference
between what the resource produced and the ISO dispatch instruction.
This tool uses forecasts generated either by the ISO, or may be submitted to the ISO from the
variable energy resource owner.
The ISO proposes to not classify hybrid resources as variable energy resources, even though
hybrid resources may include a wind or solar component. The ISO will offer forecasting
services for the wind or solar component(s) of the hybrid resources, similar to what is provided
to stand-alone variable resources today. These forecasts will only be for the variable (solar or
wind) component of the hybrid resource and are not meant to provide a forecast for the entire
output of the full hybrid resource. These forecast services will be optional, and resource owners
can elect not to receive and pay for this ISO service.
If resource owners do not elect to have the ISO generate a forecast for the VER component of a
hybrid resource, and the resource includes a wind or solar component, it will be required to
provide meteorological information as well as forecasts for any variable components to the ISO.
This means that if a hybrid resource with a solar and storage component interconnects to the
grid, the ISO will require the same information about the operation of the solar resources
(effectively behind the hybrid meter) as would be required of a stand-alone solar resource. This
will ensure that the ISO is able to predict renewable generation and variability of output at a
specific electrical location, for the purposes of reliability.
Wind or solar resources as a component of a hybrid resource will be required to submit 1) a
topographical map, 2) site information sheet (designating either ISO or scheduling coordinator
forecasts), 3) real-time meteorological station data (with meteorological stations in accordance
with Appendix Q, Section 3.1), 4) real-time forecast data (if scheduling coordinator provided), 5)

ISO/M&IP/G. Murtaugh
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real-time telemetry data, and 6) the high sustainable limit. The high sustainable limit (HSL) is a
measurement that was outlined in detail in the revised straw proposal, and essentially is a realtime telemetered estimate of what the variable component is capable of producing. In response
to stakeholder questions about specifics of the high sustainable limit, the ISO generated a white
paper with details for how this value should be reported to the ISO and why it is needed.4
Variable energy resources that are co-located will also be required to provide high sustainable
limit data to the ISO. This data will be the same that is collected for the hybrid resources. The
ISO may pursue and use high sustainable limit data received by a co-located VER or hybrid
VER component to improve variable energy resource forecasting, inform regulation
requirements, and inform uncertainty risks across the system. The high sustainable limit may
also be used in the future by the ISO to construct dynamic limits. This proposal includes
allowing dynamic limits to be submitted by hybrid scheduling coordinators to the ISO, but in the
future the ISO may prefer if this were an automated function of state of charge and high
sustainable limit.

4.3. Dynamic limit tool
The ISO proposes a “dynamic limit” tool, which will be used to limit the economic dispatch of a
hybrid resource in the real-time market, similar to the tool that limits the upper economic
dispatch of variable energy resources today. These two tools would be fundamentally different.
The tool for the variable energy resources is derived by the ISO and generated strictly from the
forecast of the variable energy resource. The dynamic limit tool proposed for hybrid resources
will only be determined based on values submitted to the ISO from the hybrid resource
scheduling coordinator. These values will limit the dispatch instruction for the hybrid resource in
the positive or negative direction. The dynamic limit tool will be the tool available to scheduling
coordinators to ensure that hybrid resource schedules are infeasible, based on potential state of
charge conditions, renewable availability, internal storage charging schedules, etc. Both tools
will only be available to resources in the real-time market, and will not be available in the dayahead market.
The dynamic limit tool requires that the upper and lower economic limit be submitted to the ISO
each 5-minute interval. Dynamic limits will be updated once every five minutes, and for hybrid
resources will include limits for each 5-minute interval in a three hour window, for each
submission. The ISO anticipates that resources will use forecast values from variable energy
resource components to inform dynamic limits, as these will likely be drivers to how much
energy the resource can deliver to the market. If the forecast values for the variable energy
component is generated from the ISO, there may be lag between when the forecasts are
generated and when they are imposed as limits for the dynamic limits for hybrid resources. This
lag will be the result of the time the ISO takes to generate the forecast data and transmit that to
the hybrid operator, receipt of that data and processing, and finally submission of the data to the
ISO for use as a dynamic limit.

4

Hybrid resources policy page: http://www.caiso.com/StakeholderProcesses/Hybrid-resources.
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Stakeholders submitted a significant amount of feedback on the proposed methodology for the
use of outage cards and the dynamic limit tool to convey availability to the ISO for hybrid
resources. Many of these comments noted the burden of submitting outage cards for hourly
unavailability for hybrid resources, as these values would change on an hourly basis for variable
resources and may need to be updated often as future forecasts for variable components
change. Today, the ISO’s outage management system (OMS) takes manual entries for
resources on outage and is not automated. This manual process combined with the high
number of outages and updates would be difficult for scheduling coordinators to maintain.
Commenters also added that because the ISO is already planning to collect dynamic limit data
for hybrid resources, outage cards may be duplicative and not necessary.
The ISO initially proposed to collect hourly outage data for any unavailability through the outage
management system. This was because the ISO is proposing to use data from the outage
management system to calculate the unforced capacity (UCAP) for use in the in the resource
adequacy enhancement initiate.5 These unforced capacity values will be used to determine the
amount of resource adequacy capacity that resource owners may provide in the resource
adequacy framework.
After considering stakeholder feedback, the ISO is updating the final proposal to simplify the use
of outage cards and dynamic limits for hybrid resources. The ISO updated this proposal to
include changes that will alleviate the concerns raised by stakeholders, simplify the use and
submission of outage cards, and continue to allow for the correct calculation of resource
adequacy in the future. Specifically, the ISO proposes that hybrid resources continue to use the
outage management system to report mechanical related outages to the ISO. Further, the ISO
proposes that hybrid resources use dynamic limits to report any reduction in potential output
due to ambient conditions, limitations on underlying variable energy components, or limitations
from having restrictions due to state of charge (i.e. either full state of charge or empty state of
charge). The ISO is proposing no new changes to the state of charge requirement, which will
still be submitted for every 5-minute interval, and will include a three hour horizon of limits for
each 5-minute interval.

4.4. Master file and interconnection
Resources that seek to charge from the grid at any point must be modelled in the ISO’s master
file system as a non-generator resource (NGR) facility, which offers the ability to charge from
the grid (dispatch less than 0 MW) as well as the ability to provide energy to the grid (dispatch
greater than 0 MW). The ISO expects that most hybrid resources will elect to use the nongenerator resource model for their resources. The corresponding fuel type for such hybrid
resources will be “other,” as the underlying components of the resource will likely be multiple
fuel types. Hybrid resources will not receive treatment as a variable energy resource, eligible
intermittent resource (EIR), or a participating intermittent resource (PIR), although some of the
requirements may be similar (like submitting meteorological data).

5

Resource Adequacy Enhancements initiative:
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Resource-adequacy-enhancements.

ISO/M&IP/G. Murtaugh

10

California ISO

Hybrid Resources - Final Proposal

Modelling and interconnection requirements are tailored to each interconnection request. Each
hybrid resource will be reviewed by the ISO and evaluated on an individual basis. Some
resources with multiple fuel types may not be categorized by the ISO as non-generating
resource types. For example, if a gas-fired resource undergoes plant augmentation and adds a
relatively small battery to the resource to enhance its ramp capabilities, ancillary service
capabilities, and upper economic bound, the ISO may choose to continue modelling such a
resource as a gas-fired generator given its operating behavior remains fundamentally
unchanged. For hybrid resources that have a relatively similar capacity between renewable
generation and storage, these will generally fit into the non-generator resource model.
Ultimately, however, the ISO cannot issue a charging schedule to any resources unless it is a
non-generator resource or pumped storage hydro unit.
Components of hybrid and co-located resources also will be studied independently when
interconnecting with the ISO. Each component of these resources will be studied as
synchronous or asynchronous individually, where wind, solar and storage resources are
asynchronous, and gas and hydro resources are synchronous.

4.5. Metering and telemetry
Telemetry and metering record the net output of a resource. Additional data and telemetry
points may be required for hybrid resources providing ancillary services and hybrid resources
that include renewable components.
For hybrid resources that are not providing ancillary services, the ISO will not require separate
metering and telemetry requirements for each underlying component of a hybrid resource, but
only the renewable resource component(s). The ISO will use the data and telemetry from the
wind and solar resource components of a hybrid resource for reporting purposes. In the future,
this data may be used for additional purposes including: forecasts for the renewable component
of the resource when the hybrid resource selects the ISO to provide forecasting services, limits
on regulation that may be scheduled, and uncertainty risk for system operations.
The ISO is registered with the WECC as a qualified reporting entity (QRE) and reports meter
data for renewable resources using the western renewable energy generation information
system (WREGIS).6 Including metering and telemetry data for all renewable components of
hybrid resources will allow the ISO to continue providing the following four functions: 1)
WREGIS reporting, 2) visibility into actual operations and ISO’s ability to meet all NERC realtime control standards, 3) providing public data for load served by renewables in real-time, and
4) providing aggregate information to the CEC and CPUC to measure progress toward the
state’s energy and environmental goals.
The ISO intends to work closely with interconnection customers during the market
implementation of new hybrid resources to ensure that the metering configurations allow for
RPS reporting and any necessary netting and loss calculations.
6

For additional information on the western renewable energy generation information system refer to the
following link: https://www.wecc.org/WREGIS/Pages/default.aspx.
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The ISO notes that it will consider all relevant CEC renewable portfolio standard reporting
guidelines applicable to hybrid resources when determining the necessary calculations and
reporting activities. The ISO will also consider any other applicable regulatory guidelines for
renewable portfolio reporting.
Figure 1 shows a metering diagram on the left, for a co-located resource, and a metering
diagram on the right, for a hybrid resources. Most resources on the ISO grid have unique
metering requirements, and co-located and hybrid resources are anticipated to have unique
requirements as well. The ISO metering team reviews metering plans for new resources and
verifies that these plans meet ISO standards for reporting. In both cases, metered output is
compensated at the ISO point of interconnection.
The ISO accommodates co-located resources today, and requires accurate information for
energy flowing from each resource across the point of interconnection, inclusive of losses, to the
grid. The metering diagram in Figure 1 shows three meters, one at the DC line from each
component of the co-located resource, with this example being specific to DC-coupled
resources. These meters are required to distinguish between energy coming from a particular
resource. The diagram also shows a meter at the point of interconnection. This meter is not
required, if the actual amount of injected energy can be determined from the meters at the
resource level. As noted above, metering may be required for any renewable components of a
hybrid resource for state reporting purposes. Further, the ISO will require accurate metering for
energy at the point of interconnection, whether this be a meter directly at that location, or
individual meters at each component of the hybrid resource.
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Figure 1: Simple DC Metering diagram for a co-located (left) and hybrid resource (right)

The ISO currently has not identified DC meters that can provide settlement quality meter data to
the ISO. However, the ISO understands that hybrid and co-located resources may want to be
DC coupled, to improve efficiency and reduce costs to charge on-site storage components. The
ISO is working with vendors and market participants to identify a DC settlement quality meter
data that can be used for this purpose, with a goal of having such a meter identified at or around
the time that this policy is implemented. Figure 2 shows how a metering configuration may work
for an AC coupled hybrid or co-located resource. As previously noted, all metering
configurations are approved by the ISO before resources can submit meter data. Additionally,
resources may have unique metering configurations that may not precisely match the highly
simplified line diagrams in Figure 2. There are other potential ways to position the meters to get
the same settlement data to the ISO.
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Figure 2: Simple AC Metering diagram for a co-located (left) and hybrid resource (right)

4.6. Aggregate capability constraint for co-located resources
The ISO presented an aggregate capability constraint for energy bids only contained within the
second revised straw proposal, which was approved by the Board of Governors in July 2020,
and will be implemented in fall 2020. This methodology will be enhanced with the full
implementation of the aggregate capability constraint, inclusive of ancillary services, which will
be implemented in fall 2021, and is included here in this proposal.7
In the second revised straw proposal, the ISO explained how the aggregate values for the Pmax
of each resource under a co-located project may not exceed the total interconnection rights at
the point of interconnection for the underlying co-located resources. This prevented co-located
resources from showing their actual operating capability in their Pmax and bidding ranges in the
market. The ISO proposed, and received Board approval to allow resources to register their
maximum operating limit as their Pmax, even if the aggregate values of these maximum
operating limits are greater than interconnection rights set forth in their generator
interconnection agreements. Using the aggregate capacity constraint functionality, the ISO will
limit market awards and dispatches from co-located resources to the total amount of
interconnection service rights held by that co-located resource project. The CAISO will

7

Hybrid resources policy website: http://www.caiso.com/StakeholderProcesses/Hybrid-resources.
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implement this new aggregate capability constraint, which only considers energy and not
ancillary services, in fall 2020. The ISO proposes here to enhance this constraint to enable
ancillary service provision by fall 2021.
Formulation
The ISO proposes to use the following formulation, which will include ancillary services and
energy, for the full implementation of the aggregate capability constraint for co-located
resources. The full constraint follows:

𝑀𝐴𝑋 [0, ∑(𝐸𝑁𝑖 + 𝑅𝑈𝑖 + 𝑆𝑅𝑖 + 𝑁𝑅𝑖 + 𝐹𝑅𝑈𝑖 )] ≤ 𝑈𝐿
𝑖∈𝑆

𝑀𝐼𝑁 [0, ∑(𝐸𝑁𝑖 + 𝑅𝐷𝑖 + 𝐹𝑅𝐷𝑖 )] ≥ 𝐿𝐿
𝑖∈𝑆

Where:
i
S
EN
UL
LL
RU
RD
SR
NR
FRU
FRD

Resource
Set of resources
Energy schedule
Upper limit
Lower limit
Regulation up award
Regulation down award
Spinning reserve award
Non-spinning reserve award
Flexible ramp up award
Flexible ramp down award

4.7. Co-located storage deviation from dispatch
As noted earlier, the makeup of the grid is changing considerably and the state of California is
moving toward goals to produce energy more from renewable resources. The ISO received a
number of comments to the second revised straw proposal asking that the co-located storage
resources be allowed to deviate from dispatch instructions when co-located variable energy
resources were also deviating from instructions and producing as capable. The ISO
understands that the request is related to allowing generation from renewable resources, when
they may otherwise be curtailed at a point of interconnection. An improved outcome could be to
have the onsite storage absorb the generation above the point of interconnection, potentially
allowing for the maximum amount of generation from the renewable resource.
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In light of these stakeholder requests, the ISO proposes to allow this functionality from colocated storage resources but with specific limitations, some of which will reduce
implementation burdens for these tools.
This functionality will:





Allow co-located storage resources to produce less than dispatch under the following
circumstances:
o The co-located VER resource must be producing above dispatch
o The co-located resource would otherwise be producing above POI limits
o The co-located resource may not be providing ancillary services
Burden of all information sharing necessary would be borne by the co-located storage,
rather than the ISO
All energy deviations from dispatch would be charged UIE

By implementing this functionality with these parameters, market participants could configure
co-located generating units at a single Generating Facility to allow a VER generating unit to
produce as capable beyond its dispatch operating target and store that electricity for future
discharge to the system.
The ISO proposes that co-located storage resources may deviate from their dispatch
instructions from the ISO under certain circumstances.
This would only occur when a co-located variable energy resource was capable of producing
above its dispatch instruction. Further, it must be the case that this energy would otherwise not
be produced, i.e. if the co-located variable energy component generating producing at maximum
possible output and the co-located storage producing at its dispatch level cause the co-located
resources to exceed the point of interconnection limit. To provide a numerical example,
suppose a co-located solar and storage resource are behind an aggregate capability constraint
of 50 MW. The forecast for the solar component and is 45 MW and the resource is allowed to
produce as capable. However, as the interval starts, the actual solar generation capable from
the solar resource is 55 MW. In this case, the solar is allowed to produce the full 55 MW, and
for the storage resource to respond and charge at 5 MW, leaving the aggregate generation from
the two resources at 50 MW, which is the aggregate capability constraint limit. It is not
permissible for the storage resource to deviate further, without additional output from the solar
resource.
The ISO understands that there may be a need for automated communications and controls to
take advantage of this functionality. If a co-located storage resource wants to use this
functionality, they are solely responsible for managing these communications and controls and
must demonstrate to the ISO’s satisfaction that these controls will functional properly.
There will be no changes to the way that settlements are calculated today. This means that any
deviation from co-located storage resources will count as uninstructed energy, and will be
assigned any costs, including charges for flexible ramping product procurement, associated with
that energy.
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Because storage resources would only be allowed to capture additional energy produced from
the variable energy resources, this implies that co-located storage would only ever deviate from
dispatch instructions in the downward (charging) direction. As a result, storage resources would
always have a charge greater than or equal to the anticipated state of charge from dispatch.
Co-located storage resources that are receiving automatic generator control (AGC) instructions
from the ISO as a result of regulation awards are not allowed to ignore these instructions from
the ISO. Further, the ISO will not allow any co-located storage resource providing ancillary
services to deviate from dispatch instructions during the dispatch intervals when they have
ancillary service awards.

4.8. Ancillary services
All resources, including hybrid and co-located resources, will be eligible to participate in the
ancillary services market, and will be subject to the same ancillary service eligibility
requirements as other participating resources.8 Ancillary services consist of spinning reserve,
non-spinning reserve, regulation up and regulation down.
Through telemetry, the ISO will require verification that hybrid resources with an ancillary
services bid or qualified self-provision are available and can perform. Telemetry requirements
for hybrid resources will mirror those for conventional resources. The ISO will perform ex post
validation that resources are able to provide all scheduled ancillary service awards consistent
with its tariff and Business Practice Manuals

4.9. Settlement
The ISO does not envision significant changes to the settlement process in place today with the
introduction of this policy. As noted above, hybrid resources will receive dispatch instruction
from the ISO based on the single set of bid curves and the dynamic limit values submitted for
the resource. The hybrid resource will then be required to deliver that energy to the point of
interconnection. Failure to do so exposes the resource to typical uninstructed imbalance energy
charges and no pay provisions, as applicable.

4.10. Congestion revenue rights
Congestion revenue rights (CRRs) are sold today between generation and load. The
generation nodes are modelled for each different generator on the grid. These locations may be

8

Tariff appendix K discusses specific guidelines for ancillary service qualifications. In the second revised
straw proposal, the ISO proposed implementation for a model for co-located resources, subject to an
aggregate capability constraint, that would be allowed to provide energy, but not ancillary services, to
the market. Upon implementation of this policy, the ISO proposes that co-located resources be allowed
to provide ancillary services, in addition to energy services. Hybrid resources policy:
http://www.caiso.com/StakeholderProcesses/Hybrid-resources.
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modelled in a similar way for co-located resources: at the Pnode for the generator or the point of
distribution (POD).9
The ISO worked hard over the last few years to align constraints in the day-ahead market with
constraints in the congestion revenue rights market. Introducing the aggregate capability
constraint for co-located resources will create an inconsistency between the day-ahead market
and the market modeled for congestion revenue rights. Under current design, the congestion
revenue rights model does not have a feature to remove the impacts of congestion from an
imposed constraint. This will result in potentially different pricing outcomes between the dayahead market and the congestion revenue rights market. Because this congestion is not
observed in the day-ahead market this will tend to put a price premium on congestion revenue
rights at co-locations.
The impacts to the parties who would buy congestion revenue rights will likely be small, as there
will be a relatively small number of co-located resources and capacity on the system in the next
few years. This difference in pricing is also likely to not incentivize gaming as the congestion
revenue rights may appear relatively more expensive than they would otherwise be.
The ISO could potentially introduce an update to the congestion revenue rights software to align
this difference immediately, however, this software change could be complicated and costly to
actually implement. Instead, the ISO proposes to include this as an item in the planned
overhaul for the congestion revenue rights market software that is scheduled for spring 2022.

4.11. Market power and strategic bidding concerns
The ISO will monitor all hybrid resource forecasts and bids for strategic behavior. The ISO
requires that hybrid resources bid in their full capability like other resources on the system
understanding that hybrid resources have periods when they may charge underlying storage
components, and periods where energy is coming from potentially variable sources. The ISO
intends to collect forecast data on the variable resource components as well as bid and outage
data. The ISO intends to use this information to monitor, check and understand hybrid resource
bidding practices. Bidding requirements and must offer obligations are discussed further in
Section 4.13.
The ISO also recognizes that there could be several thousand megawatts of hybrid capacity on
the system in the next few years, including some projects in local areas with thin capacity
margins. Projects located in these areas have a greater potential to exercise market power.
The ISO is not planning to implement market power mitigation at this time, but will likely include
this capability in a future version of the hybrid resources initiative to address this concern.

9

The POD is used when losses are greater than 2%.
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4.12. Hypothetical hybrid resource bidding
A number of market participants asked that the ISO explain how bidding might work for a
hypothetical hybrid resource and how bidding might work for resources that were receiving
investment tax credits. This section describes how such a process might work.10
The day-ahead and real-time markets function similarly. The market software minimizes total
expected costs to serve load across the system over a specific time horizon. One notable
difference between the two markets is that the day-ahead market solves for a 24-hour time
horizon producing hourly schedules for resources in the footprint, while the real-time (RTD)
market includes an hour long time horizon and solves each 5-minute interval. The day-ahead
market includes load variation across the entire day including the morning ramp, the afternoon
solar generation, and the evening ramp. This allows the market to optimally plan for the use of
storage resources over the entire day. This would include periods to charge and discharge
storage resources, considering the maximum amount of energy those storage resources are
capable of charging.11 The real-time market does not consider the hourly schedules awarded in
the day-ahead market, and will only compare the energy needs in that market, with the bid in
prices from the resources available during the interval the market is solving.
Storage resources bidding into the day-ahead market need not vary their bids each hour to
anticipate price formation throughout the day. They also may not necessarily want to selfschedule into the market during specific hours, to “catch” the highest prices of the day. This is
true, because the day-ahead market will optimize over the full 24-hour period and manage state
of charge for these resources and manage state of charge while managing the market. Thus,
the market internalizes the opportunity costs of discharging a storage resource during any
particular interval. For example, if the market chooses to discharge a storage resource during
hour ending 13 it inherently knows that the storage resource has one less hour of state of
charge to use during later hours of the day. This is not the case for hybrid resources. The ISO
will not manage state of charge for hybrid resources in the real-time and day-ahead market, and
will therefore not internalize opportunity costs for running a storage resource and depleting state
of charge for storage components of hybrid resources. Hybrid resources must therefore
internalize these costs in their bids.
The ISO presents a hypothetical hybrid resource, comprising of: 1) a 100 MW solar facility; 2) a
battery capable of charging from the grid at up to 100 MW, discharging at up to 100 MW and
storing between 0 MWh and 400 MWh of energy; and 3) an interconnection limit allowing 100
MW to flow from the grid to the facility and up to 200 MW to flow from the facility to the grid.
Assume that the solar resources is receiving an investment tax credit resulting in a marginal
cost to operate the resource at -$15/MWh. Also assume that cost to charge the battery
component of the hybrid resource is $20/MWh, which represents battery degradation and
10

The ISO cannot instruct a resource how to bid in the market. That is the sole responsibility of the
resource scheduling coordinator. The following section is simply meant to serve as an illustration of
how bids might work within the ISO market construct.
11 Most planned and installed storage resources operating on the system are 4-hour duration batteries.
For a 100 MW resource, this implies a 400 MWh energy storage capacity.

ISO/M&IP/G. Murtaugh

19

California ISO

Hybrid Resources - Final Proposal

additional operation and maintenance costs. Finally, that the battery starts the day at a 100
MWh state of charge and the charged energy cost the hybrid resource $20/MWh. For now, we
also make the further simplifying assumptions that the resource is only bidding energy into the
market, and not ancillary services, the storage component has perfect round trip efficiency, and
that the resource is not trying to conserve energy to prolong the life of the battery for future
potential resource adequacy payments.
Based on the assumptions for this resource, the resource would never optimally bid a spread of
prices between charge and discharge of the storage component for less than $20/MWh. Unlike
traditional gas fired generation, a scheduling coordinator will likely consider the opportunity cost
for the storage component of generating energy. Opportunity costs may compel storage
resources to bid to discharge at the lowest anticipated price energy might be sold at later in the
day, which may correspond to the expected fourth highest price for energy during the day.
Because actual prices are unknown prior to the day ahead market, it is unclear what the specific
bids for hybrid resource should be. Lower bids, or bids with little spread, result in the resource
being scheduled more frequently, but subject the resource to greater changes in state of charge
and may result in infeasible dispatch. Higher bids, or greater spreads, result in the resource
being dispatched less frequently and potentially not capturing prices where it may be profitable
for the resource to operate. There are many factors that need to be considered when a hybrid
resource is bidding into the market, making bidding for these resources extremely complex.
These considerations include: expected bids to charge and discharge, resource capabilities,
interconnection limits, expected market prices, and expected dispatch from those market prices,
expected state of charge resulting in operating a storage component in conjunction with
expected output form an onsite variable energy component.
Figure 3 below illustrates how this resource could potentially bid into the market, and attempts
to include some of the factors discussed above for hybrid resource bids. There are a number of
things to note about the bids.
Outage Cards
This hybrid resource is not capable of producing to the 200 MW Pmax value during all intervals,
and in fact can only produce to 100 MW, the maximum capability of the storage component,
during intervals when there is no solar generation available. Note that this resource will use
bids to signal typical unavailability of the variable component of the resource.12 For hours
ending 1-9 and hours ending 20-24 the resource anticipates 0 MW of output from the solar
component (denoted in the “expected solar” row) and therefore uses the upper range of the bid
curve to signal the maximum resource capability during these hours of 100 MW. Note, that
there is no outage card submitted for generation between 100 MW and 200 MW during these
hours. For hours ending 10-19, the resource is able to produce additional capacity because of

12

Outage cards would be submitted to the outage management system for any prolonged outage due to
mechanical issues.
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expected solar generation, and that is noted by how the upper bound of the bids change during
this time.
Bid Curves
This hypothetical hybrid resource has three distinct underlying components. Two are for the
storage portion of the hybrid resource, including the charging portion of the battery (-100 MW to
0 MW) and the discharging portion of the battery (0 MW to 100 MW). Storage resources often
bid charging capacity at prices they would be willing to buy energy at to charge the resource,
and the discharging portion at prices that reflect a price they would be willing to sell energy at.
The final component is the solar resource. Most solar resources on the fleet today bid the full
capacity of output between -$15/MWh, which accounts for solar investment tax credits and
$5/MWh, which accounts for most operations and maintenance costs to operate the solar
resource. In this example, we assume that the hybrid resource scheduling coordinator bids in
the expected solar generation at a price of -$15/MWh into the day-ahead market.
The bid curves in this example are split into 3 different periods of the day, intervals when the
solar generation is expected to produce (in the morning and in the evening), and intervals when
the solar generation is not producing. In the former periods the bid curve is two pieces, and
represents the capabilities of the storage component of the hybrid resource. The latter bids are
split into three components and include a bid for the expected solar generation and the storage
generation.
The bid curves in the morning reflect prices that the hybrid resource is willing to charge the
battery at, and prices that the hybrid resource is willing to discharge the storage component at.
The storage component starts the day at 100 MWh, discharges during hour ending 8 when
prices are relatively high, otherwise the resource maintains the same state of charge during this
period.
Bidding from hour ending 10 through hour ending 19 reflects the bid curves for the storage
component of the resource and the VER component of the resource. The size of the
component of the bid curve corresponding to the renewable is equivalent to the expected
average amount of energy that the renewable will generate. During this time period, the
resource charges from 0 MWh to 400 MWh between hours ending 12 and 15 and begins to
discharge during hour ending 19.
The final bid curve, used from hour ending 20 through the end of the day reflects the capability
of the storage resource, and that the storage resource begins this period with 300 MWh of
energy. The resource is discharged for an additional 300 MWh by the beginning of hour ending
23.
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Figure 3: Example hybrid bids in the day-ahead market

Real-time bids must be submitted to the ISO 75-minutes prior to the start of the hour and must
remain fixed for the entire hour. This means for hour ending 12, bids must be submitted no later
than 09:45. Further, this also implies that the precise amount of state of charge for a hybrid
resource is unknown at the time when bids are submitted. For hour ending 12, the ISO
assumes that the example resource has a state of charge of 100 MWh (25% of full capacity)
which matches the state of charge in the day-ahead market.
In the real-time market, assume that the solar resource is forecast to produce an average of just
under 70 MW, slightly below the day-ahead forecast of 75 MW. Also assume that the solar is
ramping up faster in the earlier part of the hour than in the later part of the hour as the sun is
rising and the resource is ramping up to maximum output.
This example illustrates a three part bid in the real-time market, with the first segment of the bid
curve starting at -100 MW at -$15/WMh, the second portion of the bid curve at -30 MW at
$23/MWh, and the third segment of the bid curve at 35 MW at $40/MWh. This implies that if
locational marginal prices for this hybrid resource are below -$15, the resource would be
dispatched at -100MW, which implies solar would be reduced to 0 MW of output and the storage
resource would charge from the grid as much as possible. At prices between -$15/MWh and
$23 the resource would be dispatched at -30 MW. As solar generation is increasing throughout
the hour, this implies a variable amount of charging form the storage component. Finally, at
prices higher than $40/MWh the hybrid resource discharges form the battery and produces from
the solar component.
Because the output is variable during the hour, this hypothetical resource also employs the
dynamic limit tool. The dynamic limit tool is sent to the ISO, at 5-minute granularity and must be
updated in real-time as changes in output or forecast are known. The dynamic limits for each
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interval in hour ending 12 reflect what the storage resource is capable of producing (battery plus
solar) during any specific hour. The dynamic limit tool may be used to indicate that no or limited
output is available from the storage resource if the state of charge is 0 MWh or close to 0 MWh.
Figure 4 Example hybrid bids in the real-time market

In most intervals during the hour locational marginal prices result in dispatch of this hypothetical
resource consistently at -30 MW, except for the 11:45 interval, when the resource is dispatched
to the 186 MW dynamic limit of the resource. Note that a -30 MW award implies that the
storage resource is charging at different amounts during the hour, if the solar component is
producing as much as possible during the hour. For example, the storage resource only
charges at 75 MW during the 11:05 interval, while it charges at 90 MW during the 11:15 interval.
Further, because the solar generation is very high at the end of the hour, and low at the
beginning of the hour, these outputs and dispatch awards imply that the resource will curtail
output from the solar component during the latter half of the hour when dispatch continues at 30 MW.
Because the resource is not fully charging at 100 MW for all intervals of the hour, it will not
reach 200 MWh state of charge at the end of the hour, which was the result of the day-ahead
market. It is further waylaid because of the unexpected high prices in the 11:45 interval.
Suppose that the resource is able to predict the outcome of the real-time market, and desires a
closer representation of these outcomes in the day-ahead market. A four segment bid curve
may return a closer result to this outcome.
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INVESTMENT TAX CREDIT
Many stakeholders commented that the investment tax credit (ITC) is critical to receiving
financing for utility scale storage products. The tax credit available is reduced in proportion to
the amount of energy that the storage resource charges from the grid compared to the amount
of energy charged from onsite renewable resources. Where more generation from the grid
implies less availability of investment tax credit. Some resources plan to simply model the
storage component as being unavailable to charge from the grid, and indeed some have signed
agreements that the storage resource will never charge from the grid.
The ISO understands the critical need to secure funding to build these projects, but encourages
resource developers to offer available capacity to the grid when possible. DMM provided
comments about the loss of efficiency from having a resource, or a portion of a resource not
available to the market for dispatch. The ISO takes the same view and believes that it is much
better to have a resource bid into the market at very low prices, in the case of storage resources
charging, so that the ISO may access the resource in the charging capacity from the resource in
the event that there is energy curtailment, to the point that the prices are set at the ISO floor.
This helps the ISO avoid scarcity pricing and helps the ISO operations team manage the grid
reliably.
Although the precise amount of revenue may not be something that can be calculated, a good
approximation can be developed, and resources will be eligible to bid those prices into their bid
curves. In a very easy example, suppose a hypothetical 100 MW 4-hour storage project has an
annualized cost of $30 million, and is eligible for $10 million in investment tax credit if the
resource does not charge at all from the grid.13 Further assume that the battery will perform 1 4hour cycle per day for a total of 100 MW * 4 hours * 365 days = 146 GWh. Finally, assume that
there are no round-trip efficiency losses associated with the battery charging and discharging.
From these assumptions it is possible to determine what the marginal cost of charging for one
additional megawatt-hour from the grid would be. The additional hour would result in the total
energy for the resource increasing from 146,000 MWh to 146,001 MWh, or roughly an additional
.0007%. This ratio corresponds to about $68/MWh ($10,000,000 * .0007%). Therefore if the
resource did buy energy from the grid, and was typically valued charge energy at $23/MWh, i.e.
was willing to forego prices of $23/MWh or below in the energy market to charge the resource
from onsite solar, then the resource should be indifferent between charging from the grid
anytime prices are lower than -$50/MWh ($18/MWh - $68/MWh).
A storage resource bidding in such a way is illustrated in Figure 5. This hypothetical resource is
willing to charge from the grid anytime prices are less than -$50/MWh and willing to discharge
anytime prices are greater than $40/MWh. In this example the actual realized real-time price at
06:30 is -$150/MWh, which could be the result of a local generator tripping on the grid. During
this interval the resource is dispatched to charge at 100 MW. During the other intervals the
resource is not dispatched to charge or discharge because the other actual prices are between

13

Assume the low cost projection: https://www.nrel.gov/docs/fy19osti/73222.pdf.
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$10/MWh and $30/MWh. If the storage resource was not receiving investment tax credit, it may
be optimal for the resource to charge at 06:45, when prices are relatively low at $10/MWh.
Figure 5 Storage resource or component receiving an investment tax credit

A number of simplifying assumptions were made in this example. The ISO acknowledges that
each resource on the grid is different and each resource has unique operating characteristics
and financial considerations. If a resource is unable to bid costs associated with generation
from the grid into the market, the ISO may make special allowances for these resources to not
show that capacity in the market. To the extent that resources are able to bid into the real-time
market in a way that captures the investment tax credit, the ISO is encouraging those resources
to do that.

4.13. Resource adequacy
The resource adequacy (RA) counting rules and must offer obligations for hybrid resources are
vital to ensuring that hybrid resources can participate in ISO markets and support system and
local reliability.
Local regulatory agencies (LRAs) determine counting rules to determine resource adequacy
capacity. The ISO then takes this information and studies resources for their deliverability, and
may reduce the amount of capacity each resource may qualify for. After this value is
established load serving entities (LSEs) then compose supply plans with resources in order to
meet their capacity obligations. Shown resources are then subject to ISO’s provisions on
availability, through the must offer obligation (MOO).
Counting rules and must offer obligations are already in place for individual resources that could
be co-located. The ISO is not proposing any changes to the resource adequacy framework,
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including must offer obligations or resource adequacy availability incentive mechanism (RAAIM)
exposure, for co-located resources at this time.
Any counting rules applied to hybrid resources may have impacts on ISO markets and
operations. The ISO believes that RA counting rules should provide fair and accurate capacity
valuations, as these rules will impact interconnection configurations and ISO visibility into
resources that are operated on the system. The CPUC established a process to determine
counting rules through workshops with stakeholders in their resource adequacy track 2
proceeding.14 The ISO intends to retain the methodology that was outlined by the CPUC as this
policy is implemented. However, the ISO is concurrently working on policy in the resource
adequacy enhancements initiative which includes major changes to the counting rules for most
resources, including hybrids.15 This new counting methodology will use an unforced capacity
(UCAP) methodology and will be in place for the 2023 resource adequacy year.
The ISO currently requires that non-generator resources be subject to a 24x7 must offer
obligation, similar to most resources in the fleet today. The ISO recognizes that hybrid
resources with storage components will likely have multiple hours during the day while they are
using on-site generation to charge storage components and that a significant portion of the
resources capacity may not be available for dispatch during these times. This will likely result in
periods when the resource is incapable of bidding all capacity into the market. During these
hours the hybrid resources will have access to the dynamic limit tool in the real-time market,
which may be used to alert the ISO that these resources are unavailable to the market.
The resource adequacy availability incentive mechanism incentivizes resources to bid all
capacity shown as resource adequacy capacity into the market during the availability
assessment hours. In the event that a resource is not bidding its full resource adequacy
capacity into the market during these hours, the resource will face resource adequacy
availability assessment penalties. Likewise, the resource w may receive incentive payments if it
does bid resource adequacy capacity into the market during the availability assessment
hours. Hybrid resources are different than most resources that are subject to the resource
adequacy incentive mechanism. The capacity values for hybrid resources are set using an
electric load carrying capability (ELCC) methodology applied to the variable portion of capacity
for the resource. This methodology is also applied to stand alone variable energy resources on
our system. Variable energy resources are not subject to the resource adequacy availability
incentive mechanism because their marginal costs are generally very low and these resources
have little incentive to withhold energy. Although hybrid resources are not variable, their
variable components have similar economics as stand-alone variable energy resources. The
ISO expects that most hybrid resources in the next few years will be a combination of variable
energy and storage components. Differentiating between the two components for the purpose
of assessing the availability of the overall resource under the resource adequacy availability
incentive mechanism would be unduly burdensome. In addition, the CAISO plans to retire the
resource adequacy availability incentive mechanism in January 2023, with the implementation
14CPUC

Decision, June 25, 2020, Section 3.4.2:
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M342/K083/342083913.PDF.
15Resource Adequacy Enhancements initiative:
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Resource-adequacy-enhancements.
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of the unforced capacity counting methodology. For these reasons, the ISO proposes to not
apply the resource adequacy availability incentive mechanism to these resources.
As noted above, the ISO will have access to forecast data, and will continue to monitor bidding
and availability for hybrid resources, as they are integrated onto the ISO system.
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5. EIM Governing Body Role
This initiative proposes to modify market rules that apply generally to the real-time market to
facilitate participation by hybrid resources, including rules governing interconnection, providing
ancillary services, metering and a range of other topics. Staff believes the EIM Governing Body
should have an advisory role in the approval of the proposed changes.
The rules that govern decisional classification were amended in 2019 when the Board adopted
changes to the Charter for EIM Governance and the Guidance Document. An initiative
proposing to change rules of the real-time market now falls within the primary authority of the
EIM Governing Body either if the proposed new rule is EIM-specific in the sense that it applies
uniquely or differently in the balancing authority areas of EIM Entities, as opposed to a generally
applicable rule, or for proposed market rules that are generally applicable, if “an issue that is
specific to the EIM balancing authority areas is the primary driver for the proposed change.”
Staff believes the EIM Governing Body should have an advisory role in the approval of the
proposed changes for two reasons. First, the proposed rule changes would apply generally and
uniformly across the entire ISO footprint– there will not be any EIM-specific rules. Second, the
primary driver for the hybrid resources initiative is the need for hybrid resources, including colocated resources, to meet the need for additional RA in the ISO’s balancing authority area after
the loss of resources that use once-through cooling. The driver is not an EIM issue.
If any stakeholder disagrees with this proposed classification, please include in your written
comments a justification of which classification is more appropriate.
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6. Next Steps
The ISO will discuss the final proposal for hybrid resources during a stakeholder teleconference
on October 15, 2020 at 10am. Stakeholders are asked to submit written comments by October
29, 2020 to initiativecomments@ISO.com. A comment template will be available at:
http://www.ISO.com/informed/Pages/StakeholderProcesses/HybridResources.aspx.
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