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Executive Summary
Utility-scale systems that combine solar photovoltaic and battery (PV+battery) technologies are
growing in popularity on the U.S. bulk power system. The business case for PV+battery systems
depends on both their ability to reduce costs and their ability to generate value synergies
associated with the provision of energy, capacity, and ancillary services. Capacity value can
constitute a significant portion of the value PV+battery hybrids provide to the grid (e.g., through
avoided or deferred capacity) and receive through revenues. Throughout this report, we define
capacity value as the monetary value of a plant’s contribution towards the planning reserve
margin, which ultimately depends on market rules and structures.

PV+battery hybrids do not always fit into current market structures because of the interactions
between the PV and battery components. Unique considerations for the capacity value of
PV+battery hybrids include the disparate nature of participation models for PV and battery
technologies in existing market rules and the potential influence of a shared interconnection
capacity; limitations imposed by a shared inverter; limited ability to charge the battery in
advance of capacity events if charging must be sourced from the coupled PV; and challenges or
uncertainties associated with co-optimizing the operations of the PV and battery components.

Grid operators are currently considering how market structures can be modified to optimally
determine the capacity value provided by PV+battery systems, and the rules of how they are
integrated into markets are still being written. As with any resource, poorly designed rules could
increase the cost of energy and reduce system reliability, while well-designed rules could allow
markets to receive the full benefits hybrid systems can offer without overcompensating them for
the services they provide. Well-designed rules for PV+battery systems must consider the unique
aspects listed above, while leveraging the commonalities with existing resource types.

In this report, we summarize the technical capability and market rules that influence the capacity
value of PV+battery systems. We further discuss the potential tradeoffs between computational
complexity and accuracy for the various ways in which grid operators can credit PV+battery
systems for capacity. Finally, we describe markets for capacity, survey current wholesale market
rules applying to PV+battery systems, and provide a snapshot of the current regulatory landscape
for PV+battery systems.

Simplified approaches for calculating capacity value may not be adequate for capturing the full
value of PV+battery hybrids (and other flexible resources), particularly in a grid with significant
shares of variable generation. While the transparency of simplified approaches—including “sum
of parts” and capacity factor-based approximation methods for calculating hybrid system
capacity values—is appealing, it may be outweighed by the drawbacks of limited accuracy and
risks to maintaining resource adequacy in the most cost-effective manner. As a result, there is a
general effort among grid operators to transition to probabilistic reliability-based methods.

Because of the growth in PV+battery systems and their increasing complexity—involving
multiple configurations and likely increases in DC/AC ratios—it is important that research in
capacity valuation methods continue, along with development of transparent algorithms and
stakeholder vetted software tools. These improved tools and methods will help address not only
the growing challenges associated with PV+battery hybrids, but they will also provide improved
approaches for modeling complex resources such as advanced demand response.
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1 Introduction
Solar photovoltaic (PV) installations on the U.S. bulk power system have increased rapidly in
recent years, with 43% of electric generation capacity additions coming from PV in 2021
(Feldman, Wu, and Margolis 2021). At the same time, increased deployments of PV are leading
to a decline in the marginal energy value and capacity value of new PV projects (Bolinger, Seel,
and Robson 2019; Sivaram and Kann 2016). This paper focuses on the capacity value of pairing
PV with battery storage, which can partially mitigate the decreasing capacity value of PV.

Battery storage represents an increasingly cost-competitive means of providing peaking capacity,
and it also exhibits synergies with PV. For example, battery storage can offset the declining
capacity value from PV generation, and PV generation further shortens net-load peaks, which
increases storage capacity value (P. Denholm et al. 2021; Frazier et al. 2021). While such
benefits exist for separately sited PV and battery storage projects, combining them to form a
colocated or fully integrated hybrid PV+battery system offers the potential to provide cost
reductions and value synergies as well.

A colocated PV+battery system shares a single interconnection point. In this paper, a fully
integrated hybrid system is defined as a colocated system which is further operated and
dispatched as a single unit. A more detailed discussion of the types of PV+battery systems is
provided in Section 3.

Figure 1 shows colocated PV+battery systems that are expected to enter service by 2025 and
demonstrates the recent acceleration in installation of PV+battery systems.1 Looking deeper into
the interconnection queues indicates an even more dramatic interest in colocated systems in the
near term (Text Box 1), with queues for the U.S. restructured markets containing more than
150 GW of requested interconnection capacity for PV+battery systems2 (Bolinger et al. 2021).3

1 Data presented in Figure 1 are from U.S. Energy Information Administration (EIA) Form EIA-860.
2 This value represents the AC rating or the interconnection capacity, which is the maximum amount a plant can
inject to the grid. In the case of PV+battery systems, the interconnection capacity could be less than or equal to the
sum of the component PV and battery capacities. For example, the interconnection request could be equal to the PV
inverter capacity (which is common in CAISO); it could be equal to the sum of separate PV and battery inverter
capacities (to enable maximum output of both resources during high-stress or high-value times); or it could be
smaller than the PV inverter capacity, indicating the battery will charge from the PV during peak production hours.
3 The total capacity in interconnection queues presented in Table 1 is several times more than the EIA-860 numbers.
This difference is due to (1) interconnection queues extending beyond five years and (2) only plants that are
expected to come online are added to EIA-860. Because only a fraction of generators that enter the interconnection
queue are eventually added, Table 1 provides an upper bound of future capacity addition.
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Figure 1. Operational and planned colocated PV+battery electric generation capacity from U.S.
Energy Information Administration Form EIA-860M (August 2021)

Generators are included if they are expected to enter service by 2025.

Text Box 1. Queued PV, Battery, and PV+Battery Projects Across U.S. Electricity Markets

As of November 2021, U.S. electricity market queues included 144 GWAC of PV+battery projects
(Table 1). CAISO accounts for the largest share of capacity, but other areas—including ERCOT,
MISO, and PJM—have a significant amount of queued PV+battery projects as well.

Table 1. Actively Queued Projects

RTO/ISO Queued
PV Only

Queued
Battery Only

Queued
PV + Battery

CAISO 4 GW 67 GW 73 GW

ERCOT 100 GW 24 GW 30 GW

ISO-NE 3 GW 5 GW 1 GW

MISO 86 GW 13 GW 13 GW

NYISO 15 GW 12 GW 1 GW

PJM 66 GW 33 GW 21GW

SPP 30 GW 10 GW 4 GW

Note: Data from market queues were accessed November 8, 2021. Values represent total requested interconnection
capacity for projects with active queue status. Requested interconnection capacity is often equal to the PV inverter
capacity (at least in CAISO), but it ranges from less than the PV component’s capacity up to the combined PV and
battery capacities. Battery capacity for colocated resources is often less than the total interconnection capacity.

CAISO California Independent System Operator
ERCOT Electric Reliability Corporation of Texas
ISO-NE ISO New England
MISO Midwest Independent System Operator
NYISO New York Independent System Operator
PJM Pennsylvania, New Jersey, and Maryland Interconnection
SPP Southwest Power Pool
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The business case for PV+battery systems depends on their ability to (a) reduce costs, such as
through shared hardware and interconnection costs or additional tax credits, and (b) provide
additional benefits, such as through increased energy utilization from otherwise clipped energy.
Another potentially important source of incremental value through hybridization—and a key
outstanding question for developers, regulators, and system operators—is the extent to which
PV+battery systems can provide and be compensated for capacity, which depends on the rules
regarding capacity payments for PV+battery systems.

Capacity value can constitute a significant portion of the value PV+battery hybrids both provide
to the grid and receive through revenues (Schleifer et al. 2022). However, the rules of how
hybrid systems are integrated into markets are still being written. Market regulators are grappling
with questions about how hybrid systems operate, how they may be integrated into the existing
regulatory framework, and what reforms may be needed. In this report, we provide a snapshot of
the current state of participation rules regarding capacity accreditation for hybrids, and we
discuss the broader challenges and potential solutions to determining capacity credits for
PV+battery hybrid systems. We provide an overview of capacity markets and capacity
accreditation in Section 2, and we discuss specific PV+battery considerations in Section 3. In
Section 4, we survey current market rules applying to PV+battery systems, and we assess the
varying ways grid operators are allowing PV+battery systems to participate in capacity markets
or otherwise contribute to resource adequacy requirements. Finally, we offer conclusions and
recommend future research directions in Section 5.
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2 Capacity Markets and Capacity Accreditation

2.1 Capacity Market Structures
The U.S. electricity sector is divided into traditionally regulated markets and restructured
competitive markets (Flores-Espino et al. 2016). In traditionally regulated markets, utilities
generate, transmit, and distribute electricity to end-use customers. The utility invests in assets
subject to approval by its public utilities commission (PUC), typically based on the portfolio of
assets that can deliver reliable electricity at the lowest cost (while meeting reliability and policy
requirements). In such a setting, utilities are authorized to earn a return on investment through
payments from rate payers (if the investments are deemed prudent by the region’s PUC).

Traditionally regulated utilities (including vertically integrated utilities) are not as concerned
about the revenue of a single asset but rather how that asset can work in concert with the rest of
the system. As a result, vertically integrated utilities are likely to rely more heavily on system-
level models when evaluating the potential benefits of PV+battery systems. Moreover, their
investment in PV+battery systems will depend on the perspectives of the utility and the
overarching PUC, including the legislation and regulations that inform their decision-making.

In restructured competitive markets, generators compete to provide electricity and ancillary
services to load-serving entities. Each of the seven restructured markets in the United States
(Figure 2) is organized under a regional transmission organization (RTO) or independent system
operator (ISO) that sets rules regarding resource participation and market products. Figure 2
shows the magnitudes of colocated and hybrid PV+battery resources in interconnection queues,
along with the total interconnection queue size, as of November 2021.

Regional resource adequacy rules are intended to ensure adequate generator capacity is available
to meet anticipated system peak demand plus a threshold for error or equipment malfunction
(also called a “planning reserve margin”). Resource adequacy requirements involve the
RTO/ISO establishing capacity requirements for the load-serving entities within their authority.
The planning reserve margin can be a fixed percent of expected peak load; for example, load-
serving entities under the jurisdiction of the California PUC must procure enough capacity to
meet forecasted load plus a 15% margin. Alternatively, the planning reserve margin can be based
on another reliability metric; for example, several regions base their planning reserve margin on
a reliability target of one day of outages every 10 years (Milligan et al. 2016). All restructured
competitive market regions except ERCOT have explicit resource adequacy requirements.

Load-serving entities can meet resource adequacy requirements through bilateral contracts,
utility-issued requests for proposals, power purchase agreements with specific capacity
availability clauses, or direct utility investment in generators. Load-serving entities in CAISO,
MISO, and SPP meet resource adequacy requirements primarily through such mechanisms
(MISO 2017; CAISO 2017; SPP 2020). ERCOT also uses some voluntary bilateral contracts to
ensure reliability.

An alternative is for capacity to be purchased through a centralized auction by the grid operator
on behalf of all load-serving entities in the RTO/ISO. In these auctions, the market clearing price
is determined by the intersection of the supply curve with a precalculated demand curve (SEIA
2018). Auctions generally take place several years out from the time period of obligation, and
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successive auctions are conducted to fulfill any new capacity needs that appear (PJM 2017c).
ISO-NE, NYISO, and PJM each have a capacity auction. MISO also has an optional centralized
capacity auction for load-serving entities to procure capacity, and CAISO has a backstop
capacity procurement auction.

Figure 2. Colocated resources in U.S. interconnection queues as of November 2021

Queue % = [PV+Battery] / [Full Queue], where the Full Queue represents the sum of requested interconnection
capacities for all types of generation and battery resources that have requested interconnection in a given market

region. All MW values reflect the requested interconnection capacity, which corresponds to the AC rating.

The Texas grid operator (ERCOT) does not have explicit resource adequacy requirements;
instead, ERCOT utilizes an operating reserve duration curve (ORDC), which is a mechanism that
ensures electricity prices reflect the potential for shortfall conditions. In particular, the ORDC
incrementally increases the electricity price ceiling—up to a maximum cap of $5,000/MWh4—as
reserves fall below established thresholds, which are based on loss of load probability values.
This mechanism relies on the economic principal of scarcity pricing—which leads to higher
energy prices when reserves are scarce (EPRI 2016)—to incentivize investment in, and operation
of, adequate capacity. In other words, periods of high energy prices serve as a market signal for
developers to bring new generators to the market that are capable of serving load during these
periods (ERCOT 2014).

2.2 Methods for Calculating Capacity Credit
Once a region has established a resource adequacy target (such as total megawatts [MW] of
installed capacity), it must then calculate the ability of an individual generator to contribute
towards that requirement. This process involves estimating a generator’s capacity credit, or the
fraction of nameplate capacity that can be relied upon during periods of high likelihood of a

4 ERCOT’s price ceiling was historically $9,000/MWh, but it was lowered to $5,000/MWh in December 2021 in
response to the 2021 Winter storm.

CCEBA - DiFelice Exhibit 1 
Docket No. E-100, Sub 179I/A



6

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications.

shortfall in electricity supply (Milligan et al. 2017). This section discusses methods to calculate
capacity credit and provides an overview of how those methods are applied to independent PV
and battery systems. Approaches to calculating the capacity credit of PV+battery systems are
discussed in Section 3.3.

Though the terms capacity credit and capacity value are often used interchangeably, we adopt the
convention introduced by Mills and Wiser (2012a) to distinguish between physical capacity
(capacity credit) and the monetary value of this capacity (capacity value). Means of calculating
capacity credits vary by market region and by resource type; different approaches are taken to
calculating capacity credit for thermal generators (Ahlstrom et al. 2019), variable resources such
as wind (Milligan et al. 2017) and PV (Dent et al. 2016), and battery storage (Madaeni,
Sioshansi, and Denholm 2012).

PV is often assessed based on its historical performance during high-risk or high-stress periods
(Milligan 2011) (see Appendix). A battery system’s nameplate capacity is based on the
maximum AC output of the inverter, but its capacity credit is, in practice, often a function of its
duration—where battery duration is equal to the time it can discharge at its maximum rated
capacity (i.e., a 5 MW/10 MWh battery has a 2-hour duration because it can produce a full
5 MW for two hours). Most RTO/ISOs in the United States set a minimum duration requirement
for a battery to receive full capacity credit, and the capacity credit is linearly derated for batteries
with duration less than the minimum requirement. For example, if the minimum requirement was
four hours, the 5 MW/10 MWh battery would only receive a capacity credit of 2.5 MW because
that is what can be produced for the entire four-hour minimum requirement.

Such methods for calculating the capacity credit of PV and battery resources are often referred to
as approximation approaches (Sun et al. 2021). Approximation approaches can provide
reasonably accurate results, particularly when deployments of resources are limited (Madaeni,
Sioshansi, and Denholm 2012; Mills and Rodriguez 2019). However, as deployments increase,
or as interactions among additional resources increase, accuracy can fall. There are also
challenges with how approximation approaches capture (a) how storage charging (or negative
supply) impacts the ability of storage to provide capacity during extended-duration events and
(b) the behavior of longer duration storage (Frazier et al. 2021).

Due to the limitations of approximation approaches, especially with regard to capturing
interactions among resource types, there is a general effort to transition to probabilistic
reliability-based methods (PJM 2021a; Schlag, Ming, and Olson 2020). Probabilistic reliability-
based methods use a reliability index, such as loss of load expectation or expected unserved
energy, to determine how the resource affects the reliability of the system.

Probabilistic reliability-based methods offer less transparency than the simpler approximation-
based methods, but they may offer more precise measurements of a resource’s contribution
toward resource adequacy requirements. Probabilistic reliability-based methods can also account
for several factors that are not considered in approximation-based approaches such as generator-
and transmission-forced outages and the time series of generators and load (including the impact
of forecast errors). The most commonly used reliability-based method to express capacity credit
is the effective load carrying capability (ELCC) method (Milligan et al. 2017). ELCC is the
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amount by which the system’s load can increase when the generator is added to the system,
while maintaining the same system reliability as before the generator was added (Garver 1966).

Table 2 summarizes the resource adequacy market mechanisms and capacity credit rating
methods for battery storage and PV for each market region. Rules for PV+battery hybrids are
discussed in Section 4.
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Table 2. Market mechanisms for supporting resource adequacy requirements and capacity
accreditation methods for PV and battery technologies across market regions

*Battery storage capacity credits are linearly derated for shorter duration systems.

RTO/ISO Market Mechanism Battery Accreditation
Method*

PV Accreditation
Method

CAISO Load-serving entities use
requests for proposals to meet
resource adequacy
requirements.

4-hour discharge capacity
receives credit equal to
inverter rating (P. L.
Denholm and Margolis
2018).

Effective load carrying
capability (ELCC)
methodology;
introduces a “flexible”
resource adequacy
requirement allowing
seasonal variability.

ERCOT Operating reserve demand
curve (ORDC): increases
electricity price ceiling as
reserves become increasingly
scarce; thresholds are rooted in
loss of load probability values.

N/A N/A

ISO-NE Annually held capacity auction
for resource requirements up to
3 years in advance. Annual and
monthly reconfiguration auctions
also held (Sun et al. 2021).

2-hour discharge capacity
receives capacity equal to
inverter rating, but adjusted
depending on performance in
extreme temperatures (ISO-
NE 2018).

Median net output
over reliability hours:

Summer: 14:00–
18:00)
Winter: 18:00–19:00

MISO Load-serving entities can meet
resource adequacy
requirements independently
through requests for proposals
or participate in an optional
capacity auction (MISO 2018).

Battery storage receives a
capacity credit based on 4-
hour discharge capacity.

Based on historical
performance during
14:00–17:00 using a
3-year effective forced
outage rate
methodology.

NYISO Capacity auction for 6-month
seasonal period, conducted at
least 30 days before the start of
the period; monthly auctions
and a spot market also exist
(Horton 2017).

Accreditation based on
historical performance and
duration; derates are non-
linear and depend on total
installed capacity. (See
section 4.1.1 of the NYISO
Installed Capacity Manual for
details on duration derates.)

Average output over
reliability hours:

Summer: 14:00–18:00
Winter: 16:00–20:00.

PJM Capacity auction. A penalty is
levied for failure to meet
obligations during performance
assessment hours intervals, and
bonuses are potentially available
for over-fulfillment (PJM 2017b).

Starting in the 2023/2024
delivery year, PJM is set to
transition capacity
accreditation to an ELCC
methodology (PJM 2021a).

ELCC methodology
starting in 2023/2024
delivery year (PJM
2021a).

SPP Resource adequacy
requirements established
annually for each load-serving
entity; met through self-supply or
bilateral contracts (SPP 2020).

4-hour discharge capacity
receives credit equal to
inverter rating.

SPP uses an ELCC
methodology to
calculate the capacity
credits.
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2.3 Non-Performance Penalties
When a generator’s bid is accepted in a capacity auction, it receives the market clearing price in
exchange for an obligation to be available to supply energy and be dispatchable by the ISO/RTO
when called upon to support grid reliability. This capacity payment is usually expressed in terms
of dollars per megawatt of capacity per day (or month), and it is made regardless of when and
how many times the generator is called upon. During a reliability (or capacity) event, obligated
generators are called on to supply their power to the wholesale energy market at the energy price
prevailing during the event. In most markets, resources receive payment for both generation at
the energy price and the capacity value, which are provided separately (EPRI 2016).

Generators that underperform during an obligated period are liable to pay penalties to the
RTO/ISO for the portion of the capacity event during which they underperformed. Historically,
resources have been unable to perform due to equipment malfunctions, including situations
involving extreme temperatures (PJM 2014). In most cases, such a malfunction does not prevent
a generator from paying a penalty, although ISO-NE has implemented “stop-losses,” or a
maximum amount that will be charged for noncompliance, to prevent accruals of penalties
beyond a set amount (Peralta 2017).

Table 3 describes the penalty structure imposed by various RTO/ISOs. In some markets, such
as PJM, variable renewable resources are permitted to bid into capacity markets at less than their
assigned capacity credit and still receive bonuses in the event of overperformance (PJM 2017a).
In these instances, it may be economically viable for risk-averse resources to avoid penalties
by underbidding their capacity in capacity auctions. In PJM, CAISO, and ISO-NE, penalties
from generators that did not comply are distributed as bonus payments among generators that
overperformed or performed without an obligation to do so (CAISO 2017; PJM 2017c; Peralta
2017).
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Table 3. Description of Various Penalty Structures for Failure to Deliver Obligated Capacity

RTO/ISO Penalties

CAISO Must-run resources that supply less than 94.5% of their obligated capacity available
pay penalties (CAISO 2021a), which are distributed to those that provide at least 98.5%
availability (CAISO 2017).

ERCOT No penalty for failure to deliver, but generators which fail to perform during scarcity
pricing periods lose out on revenues from high energy prices, based on the ORDC.

ISO-NE A “performance payment rate” is a fixed penalty assessed on nonperforming resources.
It is currently set at $5,455/MWh, and it is prorated for any period of noncompliance
greater than 5 minutes. A stop-loss exists to prevent excessive penalties (Peralta 2017).

MISO No penalty structure (Spees et al. 2017)

NYISO Up to 1.5x the market clearing price in the energy spot market (Horton 2017)

PJM A penalty is based on the modeled cost estimates for new generation for the local
delivery area; penalties are distributed as a bonus across resources that overperformed
first, and then to energy-only resources. A stop-loss is set seasonally (PJM 2017c).

SPP SPP does not have specific consequences for non-performance. SPP has scarcity
pricing which provides similar incentives to ERCOT, albeit with lower price caps (Parent,
Hoyt, and Clark 2021).
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3 PV+Battery System Considerations
The rules around capacity credits for PV+battery systems are evolving due, in part, to variations
in hybrid configurations and operations. PV+battery systems can participate in markets as
colocated resources or fully integrated hybrids. Furthermore, the PV and battery components can
each have a separate inverter (AC-coupled), or they can share a single inverter (DC-coupled).
This section discusses how unique considerations for PV+battery systems influence how they
participate in markets and how they are accredited for capacity contributions.

3.1 Participation and Coupling Types
PV+battery systems are classified based on two types of projects deployed at the same location
(Murphy, Schleifer, and Eurek 2021; Ahlstrom et al. 2019). First, a PV+battery system can be
deployed as a colocated resource, in which case the technologies share a point of
interconnection but operate (and bid into markets) in a largely independent fashion.
Alternatively, in a fully integrated PV+battery hybrid, the technologies share a point
of interconnection, are physically coupled, and share a control system, such that the asset
operates (and bids into markets) as a single resource.

Figure 3 displays these two project types. For colocated resources, the PV and battery
components are each given a unique generator ID, and they are metered (circular icons) and
dispatched separately (Figure 3, left panel). Alternatively, the PV and battery technologies can
operate as a single resource, receiving a single generator ID and offering a joint bid to the system
operator that allows them to be dispatched together as a fully integrated hybrid based on their
optimized joint operations (Figure 3, right panel) (Murphy, Schleifer, and Eurek 2021).

PV+battery systems can adopt either an AC-coupled or a DC-coupled architecture (Murphy,
Schleifer, and Eurek 2021; P. L. Denholm, Margolis, and Eichman 2017). In an AC-coupled
architecture, the PV and battery technologies each have separate inverters, which are connected
to the same AC bus, while in a DC-coupled architecture, the PV and battery technologies share a
single inverter. DC-coupled systems can be either tightly or loosely coupled, where the
distinction lies in whether the battery component can be charged with energy from the grid. In
particular, a “tightly DC-coupled” system utilizes a single PV inverter so the battery can charge
only from the coupled PV, whereas a “loosely DC-coupled” system utilizes a bidirectional
inverter so the battery can charge both from the coupled PV and the grid.

The AC-coupled architecture can be adopted for either a colocated resource or fully integrated
hybrid project, depending on how the components are operated and interact with the market. A
DC-coupled architecture is more likely to be operated as a fully integrated hybrid project, due to
the inherent interactions that follow from the shared inverter (Gorman et al. 2020).
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Colocated configuration Hybrid configuration

Figure 3. Example PV+battery configuration types

Purple boxes denote points of interconnection and blue boxes denote levels at which asset is dispatched by grid
operator. Circles indicate a point of metering. Adapted from (Rastegar and Smith 2020).

3.2 Participation Models for Hybrid Systems
A participation model is the set of provisions that accounts for the unique physical and
operational characteristics of a resource type (FERC 2018). Each resource on the bulk power
system operates under a participation model that spells out the interconnection and operational
rules for that resource as well as how it is compensated for the services it provides. Participation
models further define which market services each resource is eligible to provide, which
operational and data requirements apply to each resource, and what penalties are applied when
a resource fails to meet its operational requirements.

Though specifics vary by market, each market has a separate participation model for
conventional generators, variable resources (such as PV), and storage technologies (such as
batteries). Examples of important differences between participation models include whether
(a) storage resources are allowed to bid negative supply (to charge from the grid), (b) storage
dispatch is optimized by the RTO/ISO or by the battery owner, and (c) variable resources are
being dispatched based on a resource forecast and therefore not subject to uninstructed deviation
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penalties (Ahlstrom et al. 2019; CAISO 2021b).5 The capacity credit of a given resource depends
on its participation model as well.

Because a fully integrated PV+battery hybrid operates under a single generator ID, it will operate
under a single participation model; therefore, at least one, and perhaps both, of the PV and
battery components will effectively fall under a different participation model than its
independent counterpart or counterparts. This shift can have important consequences for how the
hybrid system is operated and the profitability of the hybrid system (FERC 2018; CAISO
2021b). As discussed in Section 4, some rules and policies may result in hybrid systems
receiving higher capacity credits than similarly sized independent or colocated systems, while
other rules can result in the opposite. New participation models that account for the unique
attributes of PV+battery hybrids are currently being discussed and implemented, as discussed in
Section 3.3.

3.3 Crediting Capacity for PV+Battery Systems
The interactions between PV and batteries must be considered when calculating capacity credits,
regardless of configuration or coupling. PV resources can reduce the hours of peak net load,
increasing the value of battery storage; and increased battery deployment can improve alignment
between load and PV generation. Given the rapid expansion of PV generation, wind generation,
and battery storage, capacity accreditation must account for high levels of both variable and
limited-duration technologies.

Colocated resources can largely be represented with existing capacity accreditation methods, but
hybridization introduces additional complexities that can meaningfully influence the joint
system’s capacity credit: it modifies the impacts of interconnection limits,6 and it can introduce
inverter constraints and limitations on the ability to charge the battery in anticipation of supply
shortfalls. To capture these unique considerations for the capacity credit of PV+battery hybrids,
market regulators are currently considering two main approaches (FERC 2021b).

The first is to assign capacity credits based on the sum of credits for each individual component.
This approach, which is often referred to as the “sum of parts,” simplifies the calculation and
ensures hybrids are not incentivized or penalized relative to colocated or separately sited
resources; however, it also runs the risk of not incorporating significant interactions between
components of the hybrid resource. Interconnection and inverter constraints can be incorporated
into the general sum of parts approach by placing a constraint on the system capacity credit, such
that the capacity credit of the colocated PV+battery system does not exceed its inverter or
interconnection limits. It is an open question whether the physical coupling of hybrid

5 Uninstructed deviation is the difference between dispatch instructions and the actual performance of a resource.
Uninstructed deviation penalties may consist of charges for underperformance, reduced compensation for
overperformance, and removal from the dispatch process if the deviation is sufficiently large.
6 The CAISO interconnection queue provides an example where hybridization modifies the impacts of
interconnection limits: recent analysis has shown that projects commonly request interconnection ratings based on
the PV inverter only (Bolinger et al. 2021). For AC-coupled projects, the combined maximum output of the PV and
battery inverters exceeds the interconnection rating, the latter of which could be the defining feature for the hybrid’s
capacity credit.
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components can be sufficiently captured under the sum of parts approach, or whether they merit
a different approach to calculating capacity credits.

The second approach is to apply a capacity accreditation methodology to the combined system.
This could use various methods, such as the ELCC method described in Section 2.2, in a way
that captures all of the complexities listed in the previous paragraph. This approach could
potentially calculate the capacity credit of a fully integrated hybrid system more accurately, by
better accounting for the physical coupling of the PV and battery components (NERC 2018). At
the same time, it adds another layer of complexity to the challenges of estimating the resource
adequacy contributions of various resources by introducing another technology that regulators
and system operators must consider in a unique fashion. Moreover, the relative size of the PV,
battery, and inverter components needs to be accounted for when determining capacity credits. It
may prove difficult to account for the potential variations in hybrid system component sizes
given each system configuration would require its own capacity credit calculation.

The latter approach may be especially important for evaluating DC-coupled PV+battery hybrids,
which have several unique considerations that AC-coupled (and separately sited PV and battery)
systems do not have. For example, the shared inverter in a DC-coupled PV+battery system
introduces restrictions on the charging and discharging of the battery component. For DC-
coupled systems with larger battery sizes, competition for the limited inverter capacity could lead
to a hybrid capacity credit that is less than those of independent and AC-coupled configurations,
such that the “sum of parts” approach would be inadequate. This inadequacy may be especially
important for tightly DC-coupled systems, where the battery depends on charging from the
coupled PV, which may reduce the capacity credit the system receives (Mills and Rodriguez
2019). In particular, if the PV output were insufficient to fully charge the battery before the event
starts, it could reduce the ability of the system to provide capacity.
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4 Rules for Hybrid Resources by Region
Starting between the fall of 2019 and spring of 2020, six of the seven market regions initiated
committees to develop eligibility rules for hybrid systems (Gramlich, Goggin, and Burwen
2019), and in July of 2020, the Federal Energy Regulatory Commission (FERC) held its first
technical conference on hybrid resources (FERC 2020). In 2021, several of the market regions
proposed updates to market rules that clarify how colocated and hybrid systems are defined,
operate, and receive capacity credits; and some rule changes have been implemented. There
are significant differences in approaches between market regions, and some market regions are
farther along than others in developing rules for hybrid resources, meaning the business case
for hybridization varies by market region. Much of the recent proposed and enacted updates are
documented by FERC (2021) and subsequent filings by each market region.7 These documents
are the primary sources of information for the following discussion on specific considerations
for each market region (at the time of writing). The remainder of this section is organized by
market region and ordered based on the requested interconnection capacity for PV+battery
projects (see Text Box 1 and Figure 2).

4.1 California Independent System Operator (CAISO)

The California Independent System Operator (CAISO) revised its tariff to include definitions
and requirements for colocated and hybrid resources at the end of 2020, and it is continuing to
refine its modeling of hybrid resources. Colocated and hybrid systems are quickly becoming
common in California for many reasons. In addition to the relatively low marginal energy and
capacity value of new PV generation, developers can add batteries to existing PV projects
(proposed or operating) through the generator modification process without having to initiate a
new interconnection request, as long as doing so does not require additional interconnection
service capacity. This allows developers to add battery storage “more quickly and at a lower cost
than establishing new and separate interconnections for the storage units” (CAISO 2021b).

Hybrid resources do not count as “eligible intermittent resources”8 unlike the PV component of a
colocated PV+battery system, which has two primary implications. First, PV+battery hybrids are
potentially not exempt from non-performance penalties. Second, hybrid systems are required to
provide information on battery state of charge along with meteorological and other information
used to forecast PV production, similar to a colocated resource. To account for the fact that
PV+battery hybrid systems have a variable component, CAISO is proposing to implement a
“dynamic limit” for scheduling hybrid resources that updates every five minutes to account for
resource forecasts, state of charge, and site charging needs.

The California PUC requires load-serving entities to procure resource adequacy on monthly and
annual bases to meet forecasted load plus a 15% margin. The commission uses an effective load
carrying capability (ELCC) methodology to assign a monthly capacity value to PV, and it
assigns a capacity value to battery storage based on the amount it can discharge continuously for

7 Reports can be found at “eLibrary: Federal Energy Regulatory Commission,” FERC,
https://elibrary.ferc.gov/eLibrary under docket number AD20-9-000.
8 CAISO defines an eligible intermittent resource as a generating unit that (1) is renewable; (2) cannot be stored by
the facility owner or operator; and (3) has variability that is beyond the control of the facility owner or operator.
Eligible intermittent resources are subject to special data requirements.
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4 hours. A PV+battery hybrid system’s resource adequacy value and effective flexible capacity
value is equal to the sum of its respective components, which is equivalent to a colocated
resource. One small difference between colocated resources and hybrid resources is that the
hybrid system is exempt from the resource adequacy availability incentive mechanism
(RAAIM), which penalizes resources that underperform and credits resources that overperform.
While the PV component of a colocated resource is exempt as well, the battery component
participates in the RAAIM. Thus, the capacity payments to a hybrid system may be more or less
than a similar colocated system depending on whether the RAAIM payments are positive or
negative.

4.2 Electric Reliability Corporation of Texas (ERCOT)

The Electric Reliability Corporation of Texas (ERCOT) has initiated a stakeholder process to
consider hybrid and colocated resource participation, with a focus on systems which include
battery storage (Nicholson 2020). ERCOT currently recommends PV+battery resources to
register as an “energy storage resource” because the battery part of the coupled system may
charge from the grid. It is uncertain whether hybrid assets that contain PV resources would
lose their classification as “intermittent renewable resources” and therefore participate like
conventional generators, or whether the renewable portion would maintain its status when
assessing deviation penalties.

ERCOT does not have a capacity market but instead has a high market cap of $5,000/MWh to
incentivize investment in generation capacity. Historically ERCOT’s market cap was
$9,000/MWh, but was lowered to $5000/MWh at the beginning of 2022 (Texas PUC 2022). The
energy-only approach ERCOT takes means resources are credited for the ex-post amount of
energy produced during peak periods instead of an ex-ante calculation of how much the resource
will be expected to be available.

4.3 Pennsylvania, New Jersey, and Maryland Interconnection (PJM)
Though no hybrid resources are currently operating in the PJM Interconnection, PJM allows both
colocated resources participating as separate assets and hybrid resources that participate as a
single resource (PJM 2021b). Hybrid resources would participate in the energy market using the
participation model of the larger “parent” fuel type.

PJM has a formal yearly capacity market, called the Reliability Pricing Model, which ensures
long-term grid reliability by procuring capacity for the following 3 years. Hybrid resources in
PJM are currently allocated a capacity credit based on the sum of component parts (PJM 2021b).
The exception to this rule is with battery systems which cannot be charged from the grid, in
which case the capacity is based on the primary fuel type. Starting in the 2023/2024 delivery
year (whose first auction is in December 2021), PJM is set to transition capacity accreditation to
an ELCC methodology (PJM 2021a). Under the new methodology, the battery component of a
hybridized system will receive a different capacity credit from a standalone battery system of the
same size. Table 4 shows the capacity credit by class and delivery year. Standalone battery
storage initially is given a higher capacity credit than a hybridized battery, but hybridized battery
storage has a higher capacity credit in the 2028–2030 delivery years. Thus, the value of
hybridization relative to separately operated or colocated systems varies by year.
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Table 4. PJM ELCC Capacity Factor Ratings for Select Classes

Values are from (PJM 2021a).

ELCC Class 2023 2024 2025 2026 2027 2028 2029 2030

4-hr Battery 83% 84% 77% 70% 72% 70% 69% 76%

PV hybrid loosely coupled
4-hr battery component

82% 80% 73% 65% 69% 72% 74% 87%

PV hybrid tightly coupled
4-hr battery component

82% 80% 72% 63% 69% 72% 74% 86%

PV fixed 38% 36% 32% 31% 29% 27% 25% 21%

PV tracking 54% 52% 48% 44% 42% 39% 36% 31%

4.4 Midwest Independent System Operator (MISO)

At the time of writing, The Midwest Independent System Operator (MISO) has 30 hybrid
resource proposals in its interconnection queue, primarily from PV+battery systems (MISO
2021a). These hybrid resources can participate under any of the three already established
participation models of Generation Resource, Dispatchable Intermittent Resource, or Stored
Energy Resource—Type II. In August, 2021, MISO submitted revised tariff language which
“establishes a methodology for accrediting Hybrid Resources in the MISO Resource Adequacy
construct” (MISO 2021b).

MISO calculates the capacity credit of new hybrid resources as the lesser of (a) the sum of each
individual component’s capacity credit and (b) the interconnection limit. Once sufficient data are
available for an operating hybrid system, then its capacity credit will be determined based on
historical performance and availability during the top 8 daily peak hours per relevant season,
along with the type and volume of interconnection service (MISO 2021b). Depending on the
system’s historical performance during these peak hours, the hybrid system could receive a
higher or lower capacity credit than a similarly sized colocated system.

4.5 Southwest Power Pool (SPP)
Though SPP is still in the early stages of determining how to integrate hybrid resources, there is
considerable interest in colocated resources and hybrids, especially with systems that contain a
battery storage component, as a means to control resource variability and better utilize
transmission assets (SPP 2021). There is currently no unique participation model for hybrid
resources, which instead participate under the Generating Unit registration type (SPP 2021). SPP
is considering an approach to crediting hybrid resources based on the sum of constituent parts
while accounting for limitations based on generator interconnection agreement and physical
factors such as inverter size (SPP 2021).

4.6 ISO New England (ISO-NE)

The Independent System Operator New England (ISO-NE) is proposing two colocated and
hybrid options (Rastegar and Smith 2020). A hybrid system may participate as (a) a single, non-
intermittent generation capacity resource, similar to a traditional generator or (b) a single
“intermittent power resource,” for systems where “the intermittent component is the predominant
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portion of the asset” (Rastegar and Smith 2020). The first option allows the hybrid to participate
in all markets but foregoes the benefits of being classified as an intermittent power resource
(meaning hybrids are subject to nonperformance penalties); the second option does not allow the
hybrid to participate in regulation or reserve markets but maintains the intermittent power
resource status (and thus exemption from nonperformance penalties) (Rastegar and Smith 2020).

ISO-NE bases the capacity credit of battery storage on how much it can discharge for 2 hours.
For PV, it uses an exceedance method to determine the capacity credit. The median for summer
and winter peak periods during the previous 5 years are averaged to determine the capacity credit
for each respective season. As currently proposed, both colocated and hybrid PV+battery
systems will have a capacity equal to the sum of capacities for each component (Rastegar and
Smith 2020).

4.7 New York Independent System Operator (NYISO)
In March, 2021, FERC accepted NYISO proposed changes to its tariff, which implemented a
participation model for colocated storage resources (FERC 2021a). NYISO is actively
considering separate participation rules for hybrid resources, which will allow a PV+battery
system to participate as a single resource. As part of the development process, NYISO intends to
have revised capacity valuations for hybrid resources for its capacity accreditation in place by
May 1, 2023 (NYISO 2021).
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5 Conclusions and Future Research Needs
Grid operators are currently considering whether market structures should be modified to
determine the resource adequacy contributions of PV+battery systems, and the rules of how such
systems are credited for capacity are still being written in many market regions (FERC 2021b).
In response to these active regulatory discussions, this report summarized key considerations for
PV+battery resources, discussed markets for capacity, surveyed current RTO/ISO market rules
applying to PV+battery, and surveyed the varying ways grid operators are allowing PV+battery
to participate in capacity markets or otherwise contribute to resource adequacy requirements.
The extent to which PV+battery systems can provide and be compensated for capacity, along
with the rules regarding capacity payments for PV+battery systems, will play a critical role in
determining the amount of PV+battery capacity that gets built.

Even without the influence of hybrids, the rapidly increasing share of variable resources and
battery storage on the U.S. bulk power system is causing grid operators to reassess their capacity
accreditation methods. For example, PJM, NYISO, and SPP are considering (or already
implementing) a shift from simpler approximation methods to more complex, and potentially
more accurate, probabilistic methods (Sun et al. 2021). At the same time, grid operators are
evaluating whether unique approaches (or modifications) are needed for PV+battery systems.
Approaches that ignore the impacts of coupling could (a) overvalue particular resources
potentially resulting in capacity shortages or (b) undervalue and potentially exclude resources,
resulting in market inefficiencies, including revenue sufficiency challenges. Well-designed rules
could allow markets to receive the full benefits hybrid systems can offer without
overcompensating them for the services they provide.

While it may be possible to adequately represent colocated PV+battery resources with existing
calculation approaches, hybridization modifies the impacts of interconnection limits and can
introduce inverter constraints and limitations on the ability to charge the battery. Market
operators must determine whether to calculate capacity credits for hybrid systems based on (a)
the “sum of parts” approach for each component or (b) an analysis of the fully integrated hybrid
system. The sum of parts approach is simpler and provides clarity to the process, but determining
capacity credits based on the integrated system may better account for the limitations imposed by
the PV and battery component interactions in a hybrid configuration. Such interactions are
especially important to consider for DC-coupled hybrids—with a single shared inverter—in
which specific design parameters (e.g., a large battery) would likely lead to a joint capacity credit
that is lower than the sum of parts approach would suggest.

Simplified approaches for calculating capacity value may not be adequate for capturing the full
value of PV+battery hybrids (and other flexible resources), particularly in a grid with significant
shares of variable generation. While the transparency of simplified approaches—including “sum
of parts” and capacity factor-based approximation methods for calculating hybrid system
capacity values—is appealing, it may be outweighed by the drawback of limited accuracy and
risks to maintaining resource adequacy in the most cost-effective manner. As a result, there is a
general effort among grid operators to transition to probabilistic reliability-based methods.

Because of the growth in PV+battery systems and their increasing complexity—involving
multiple configurations and likely increases in DC/AC ratios—it is important that research in
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capacity value methods continue, along with development of transparent algorithms and
stakeholder vetted software tools. These improved tools and methods will help address not only
the growing challenges associated with PV+battery hybrids, but they will also provide improved
approaches for modeling complex resources such as advanced demand response.
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Appendix. Duration Estimates Based on
Historical Events
PV+battery systems could provide support to capacity requirements if the typical duration of the
paired system were assessed in relation to historical data from capacity events. Capacity events
or emergencies are not stochastic, however, as they are usually associated with regional weather
and climate patterns. Reliability hours are intended to assess a resource based on the time frame
when capacity shortages are most likely to occur. RTO/ISOs often use different reliability
hours—i.e., hours specific to their historical demand and past capacity events—to estimate the
capacity credit of PV and battery resources. Because there is a disparity in how PV and battery
capacity credit can be determined, it is challenging to identify the true value of the paired system
using this methodology.

One key consideration in establishing an appropriate capacity duration requirement for
PV+battery systems is the historical duration of capacity events. To assess this, we assembled a
database for this report recording the time of day, duration, and type of capacity events in both
PJM and CAISO.9 The database includes capacity events between 2008 and 2017 that were
considered alerts, actions, warnings, or emergencies––these escalating events are called by the
RTO/ISO when capacity shortages are imminently anticipated or expected. Excluded from this
analysis were prescheduled maintenance operations causing capacity shortages and grid events
caused by significant externalities (i.e., a California wildfire that caused an 8-day long
emergency). For the purpose of analysis, the duration of events is the only variable analyzed.
This analysis did not model what future capacity events may look like but instead studied the
temporal characteristics of past capacity events.

The median duration of a capacity event in CAISO is close to 7 hours, and a few high outliers
occur in the spring and summer (Figure A-1). The median duration is briefer in PJM––close to
3.5 hours in the fall and winter and slightly above 2 hours in the spring and summer. For PJM,
the 10-hour storage duration requirement applied to storage resources exceeds almost all
historical occurrences. Meanwhile in CAISO, the 4-hour storage rule could be too short for many
events if storage were expected to output power for the entirety of a capacity event; however, if
storage were intended to supplement PV during a capacity event, 4 hours could be an appropriate
requirement. RTO/ISOs could consider further analysis of the duration of their capacity events in
order to determine whether current minimum duration requirements are appropriate.

9 Sources include (CAISO 2018; PJM 2018); the assembled database includes events between 2008 and 2017.
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Figure A-1. Histogram of duration of capacity events in PJM and CAISO by season

The authors created the figure using data from CAISO (2018c) and PJM (2018b).

In addition to analyzing the duration of capacity events, we also analyzed the timing of events.
Figure A-2 displays the mid-hour of capacity events by season. Though CAISO’s capacity events
generally occur in the afternoon and early evening regardless of season, PJM is evening-peaking
in the summer, and it experiences two daily peaks in the winter. This is reflected in PJM’s PV
reliability hours, which are 6–9 a.m. and 6–9 p.m. in winter (Table 4). PJM’s summer reliability
hours of 3–8 p.m. do not closely match the historical mid-hours of capacity events there––one-
third of spring and summer capacity events in PJM have midpoints before the summer reliability
hours, a time of the day when PV is likely providing more reliable generating capacity than it is
during the reliability hours by which it was assessed. In this regard, PJM’s summer PV reliability
hours could be undervaluing the capacity value solar provides during the times of day when
capacity events are likely to occur. Adding a storage system with a short duration of even 1–2
hours to a PV system could increase its ability to deliver power during the times of day when
capacity events are most likely to occur.

Figure A-2. Histogram of mid-hour of capacity events in PJM and CAISO by season

The authors created the figure using data from CAISO (2018c) and PJM (2018b).
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Project Background

 NorthWestern Energy hired 
E3 to analyze the capacity 
value (ELCC) of additional 
renewable energy, energy 
storage, and hybrid 
resources

• NWE’s current capacity
shortfall is ~650 MW identified 
in their 2019 Electricity Supply 
Resource Procurement Plan

• Results from E3’s ELCC
modeling to be used to inform 
the analysis of bids in NWE’s
all-source capacity RFP

– RFP seeks 280 MW of 
effective capacity to partially 
fill NWE’s identified capacity
shortfall

NWE-identified Capacity Need

Source: 2019 Electric Supply Resource Procurement Plan

CCEBA - DiFelice Exhibit 2 
Docket No. E-100, Sub 179I/A



Analytical Approach

CCEBA - DiFelice Exhibit 2 
Docket No. E-100, Sub 179I/A



6

This Study Utilizes E3’s Renewable Energy
Capacity Planning (RECAP) Model

 Resource adequacy is a critical concern under high
renewable and decarbonized systems

• Renewable energy availability depends on the weather

• Storage and Demand Response availability depends on
many factors

 RECAP evaluates adequacy through time-
sequential simulations over thousands of years of
plausible load, renewable, hydro, and stochastic
forced outage conditions

• Captures thermal resource and transmission forced
outages

• Captures variable availability of renewables &
correlations to load

• Tracks hydro and storage state of charge

 RECAP has been used to study reliability in the
Greater NW, CA, Hawaii, and many other
jurisdictions

Information about E3’s RECAP model can be found here:
https://www.ethree.com/tools/recap-renewable-energy-capacity-planning-model/

Key Reliability Metrics:

• LOLP: Loss of Load Probability

• LOLE: Loss of Load Expectation

• EUE: Expected Unserved Energy

• ELCC: Effective Load-Carrying
Capability for hydro, wind, solar,
storage and DR

• PRM: Planning Reserve Margin
needed to meet specified LOLE

72°

Storage Hydro DR

Solar Wind
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Key RECAP Assumptions

 Target reliability metric = 0.1 days/yr loss of load expectation (LOLE)

• System was tuned to 0.1 LOLE by adding perfect capacity to the system before 
calculating ELCC

• Seasonal ELCCs were developed assuming 0.05 days/season for both winter and 
summer

 Loads considered = 50-yr historical weather based supply function load

• Historical load developed using E3’s neural network algorithm using 2010-2018 
actual NorthWestern supply function hourly loads and 50-years of historical weather 
data

CCEBA - DiFelice Exhibit 2 
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Load Simulation Results

 The result of RECAP’s neural network load model is a set of hourly loads
that represent what hourly load would have been under 2018 economic 
conditions for NorthWestern supply function customers for the weather 
years 1970-2018

• E3 tested a sensitivity considering 10 historical years

50 historical weather years

10 historical 
weather years
tested as a
sensitivity on 
solar ELCCs

Weather Year

CCEBA - DiFelice Exhibit 2 
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Additional Capacity Needed to Meet
Reliability Target

 Capacity need above existing resources driven by resource shortfall during winter + summer peak periods

• 678 MW effective capacity needed to meet 0.1 LOLE standard

 Level of need indicates additional generation required to meet reliability target

• The capacity need in each hour represents the maximum need across all weather conditions

• No imports are assumed

Additional capacity to meet 0.1 days/year LOLE

1          24

Need driven 
by both winter 
and summer 

peaks

Summer WinterWinter

CCEBA - DiFelice Exhibit 2 
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ELCC Calculation in RECAP

 Effective load carrying capability (ELCC) is the quantity of ‘perfect
capacity’ that could be replaced or avoided with wind, solar, storage, etc.
while providing equivalent system reliability

 ELCC is the most rigorous and accurate method for calculating 
qualifying capacity of energy limited resources (solar, wind, storage, 
etc.)

Target system
LOLE

(tuned to 0.1)

LOLE improves
after

wind/solar/storage

Reduction in perfect
capacity to return to
original system LOLE

= ELCC

CCEBA - DiFelice Exhibit 2 
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Defining Incremental ELCCs

Note: marginal 
capacity benefits 

decline with 
increasing 
penetration

Incremental ELCC (adding 100 MW)
= ∆ effective capacity / ∆ installed capacity =

(37-21) / (200-100) = 16%

Effective Capacity Curve w/ Increasing Wind Penetration (illustrative)

Average ELCC* = effective capacity / 
installed capacity = 

21 / 100 = 21%

 Average ELCC: Aggregate capacity credit
(QC) for existing resources in RA program

• Requires allocating diversity benefits 
amongst a portfolio of resources

 Incremental ELCC: Reliability benefit of 

adding X MW for procurement

• Calculated as incremental capacity additions 
on top of existing installed capacity

* Diversity benefit allocation not shown 
in this simplified example

21

37

Focus of this project
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New Resources Modeled in RECAP

Resource Configuration Capacity Levels Input Data

Wind New MT wind 50, 100, 200, 300 MW Historical NWE wind 
shapes (2014-2018) + 
1 simulated shape 
sensitivity

Solar PV New MT solar 50, 100, 200, 300 MW E3 simulated shapes + 
2 sensitivities 
considered

Li-Ion Storage 3, 4, 6 hr duration 25, 50, 100, 200, 300, 400, 
500 MW

Pumped Hydro 
Storage

6, 8, 10 hr duration 100, 200, 300, 400, 500 MW

Solar + battery 
hybrid

1:1, 2:1, 4:1 solar to storage 
MW
4 hour duration

100 MW Multiple configurations 
considered

Wind + battery 
hybrid

2:1, 4:1 solar to storage MW
4 hour duration

100 MW Multiple configurations 
considered

CCEBA - DiFelice Exhibit 2 
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Hybrid Resource Configurations

 E3 considered the following hybrid resources in RECAP

• “RE charging” constraint assumes storage must charge from solar or wind, limiting its ability to fully charge
during periods of low renewable output

• No RE charging constraint means storage can charge from the grid

Technology

Renewable 
Capacity / 
Interconnection 
Limit 
(MW-AC)

Battery 
Capacity 
(MW-AC)

Battery 
Duration

RE 
Charging 
Constraints

AC or DC 
Coupled

ILR

Solar 100 MW 100 MW 4 hours No DC 1.7

Solar 100 MW 100 MW 4 hours Yes DC 1.7

Solar 100 MW 50 MW 4 hours No AC 1.3

Solar 100 MW 25 MW 4 hours No AC 1.3

Wind 100 MW 50 MW 4 hours No n/a n/a

Wind 100 MW 50 MW 4 hours Yes n/a n/a

Wind 100 MW 25 MW 4 hours No n/a n/a

CCEBA - DiFelice Exhibit 2 
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Hybrid Solar – Coupling Method

 AC-Coupled

• Pros: 

– Easy to retrofit, more operational 
flexibility

• Cons: 

– Higher inverter losses

 DC-Coupled

• Pros: 

– Cheaper

– Lower losses

– Might be able to obtain the solar 
energy that will otherwise be clipped

• Cons: 

– PV Generation + Battery discharge 
constrained by the shared inverter

*Diagram source: https://blog.fluenceenergy.com/energy-storage-ac-dc-coupled-solar

AC-Coupled system

DC-Coupled system

Adjusted Actual or Simulated PV Shape

Adjusted Actual or Simulated PV Shape

CCEBA - DiFelice Exhibit 2 
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Treatment of RE Charging Constraints

AC-Coupled

AC-Coupled

DC-Coupled

DC-Coupled

No

Yes

VER + Storage ELCC 
(subject to interconnection limit)

VER + Storage ELCC 
(subject to interconnection/inverter 

limit)

Combined VER + Storage Output 
ELCC

(higher ILR, subject to inverter limit)

Combined VER + Storage Output 
ELCC

(standard ILR)

RE Charging
Constraints?

ELCC Approach

CCEBA - DiFelice Exhibit 2 
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Incremental ELCC Results Overview
Annual

Light grey denotes sensitivity cases

Incremental ELCC Provided by Different Resources, 2020

Incremental Nameplate Capacity (MW) Charging From 25MW 50MW 100MW 200MW 300MW 400MW 500MW

Standalone 3hr Grid 100% 100% 99% 82% 65% 54% 47%

Storage 4hr Grid 100% 100% 100% 91% 72% 61% 53%

6hr Grid 100% 100% 100% 98% 84% 70% 59%

8hr Grid 100% 100% 92% 76% 65%

10hr Grid 100% 100% 97% 81% 69%

Solar PV Simulated 5% 4% 3% 2%

SimulatedWith Snow Losses 4% 3% 3% 2%

Historical 2% 2% 1% 1%

Wind Historical 6% 5% 5% 5%

Simulated 11% 10% 9% 8%

4-Hr Storage + 25% of Solar PV Grid 29%

Solar 50% of Solar PV Grid 54%

100% of Solar PV Grid 100%

100% of Solar PV Solar 66%

4-Hr Storage + 50% of Wind Grid 54%

Wind 25% of Wind Grid 30%

50% of Wind Wind 46%
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Incremental ELCC Results Overview
Winter

Light grey denotes sensitivity cases

Incremental ELCC Provided by Different Resources, 2020

Incremental Nameplate Capacity (MW) Charging From 25MW 50MW 100MW 200MW 300MW 400MW 500MW

Standalone 3hr Grid 100% 100% 100% 88% 70% 58% 51%

Storage 4hr Grid 100% 100% 100% 95% 77% 65% 56%

6hr Grid 100% 100% 100% 99% 90% 74% 63%

8hr Grid 100% 100% 97% 80% 68%

10hr Grid 100% 100% 99% 85% 72%

Solar PV Simulated 5% 4% 3% 2%

SimulatedWith Snow Losses 5% 4% 3% 2%

Historical 2% 2% 1% 1%

Wind Historical 6% 6% 5% 5%

Simulated 11% 10% 9% 8%

4-Hr Storage + 25% of Solar PV Grid 29%

Solar 50% of Solar PV Grid 54%

100% of Solar PV Grid 100%

100% of Solar PV Solar 48%

4-Hr Storage + 50% of Wind Grid 54%

Wind 25% of Wind Grid 30%

50% of Wind Wind 54%
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Incremental ELCC Results Overview
Summer

Light grey denotes sensitivity cases

Incremental ELCC Provided by Different Resources, 2020

Incremental Nameplate Capacity (MW) Charging From 25MW 50MW 100MW 200MW 300MW 400MW 500MW

Standalone 3hr Grid 100% 100% 100% 86% 70% 60% 53%

Storage 4hr Grid 100% 100% 100% 96% 80% 69% 61%

6hr Grid 100% 100% 100% 100% 95% 82% 70%

8hr Grid 100% 100% 99% 89% 75%

10hr Grid 100% 100% 100% 93% 80%

Solar PV Simulated 66% 63% 54% 45%

SimulatedWith Snow Losses 66% 63% 54% 45%

Historical 67% 62% 51% 40%

Wind Historical 3% 3% 3% 3%

Simulated 14% 13% 11% 9%

4-Hr Storage + 25% of Solar PV Grid 87%

Solar 50% of Solar PV Grid 100%

100% of Solar PV Grid 100%

100% of Solar PV Solar 97%

4-Hr Storage + 50% of Wind Grid 50%

Wind 25% of Wind Grid 28%

50% of Wind Wind 36%
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 E3 used NorthWestern Energy’s 2014-2018 historical wind output shapes 
(at an avg ~36% CF) to determine incremental ELCCs of new wind

• A sensitivity was considered using NREL Wind Toolkit based simulated wind shapes 
at different resource sites (~41% CF)

Wind Shapes

Month/Hour Average Output

CCEBA - DiFelice Exhibit 2 
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Wind Incremental ELCCs
Historical Shapes

 Wind calculated using NorthWestern 
Energy’s historical wind output shapes
(36% CF)

 Low ELCCs are in part influenced by 
significant existing wind penetration (~450 
MW)

Winter ELCC CurveSummer ELCC Curve

Annual ELCC Curve
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Wind Incremental ELCCs
Simulated Shapes Sensitivity

 A sensitivity was run with simulated wind shapes

 Using NREL’s Wind Toolkit, E3 compared NWE’s
existing wind resources against simulated profiles 
with these assumptions

• Hub height: 100m

• Turbines: NREL’s Class 2

• Locations: blended profiles of recent wind builds in MT

• Capacity Factor: 41%

Winter ELCC CurveSummer ELCC Curve

Annual ELCC Curve

CCEBA - DiFelice Exhibit 2 
Docket No. E-100, Sub 179I/A



25

Why Simulated Wind ELCCs Are Higher

 The increase in simulated wind ELCCs (vs. historical wind shapes) is 
likely due to multiple interrelated factors

1. Technology Improvements

– Simulated shapes assume new state of the art turbines at 100m hub heights, which 
increases wind output (i.e. + 5% annual capacity factor)

2. Resource Diversity

– Simulated shapes were chosen at diverse locations away from existing sites

– This geographic diversity provides diversity in output, benefitting ELCCs by increased wind 
output in different hours than existing wind sites

3. Simulated vs. Historical Data Differences

– Simulated shapes tend to be smoother than actual historical data, which may provide a 
slight boost to ELCCs

– Historical data better captures actual operating conditions (such as cold temperature cut-
offs, maintenance outages, etc.)

CCEBA - DiFelice Exhibit 2 
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Solar Shapes

 E3 developed a snow-loss adjusted simulated solar shape using NREL’s
snow loss algorithm

• However, NREL’s approach likely overestimates snow losses for tracking PV sites as
it is designed and calibrated to fixed tilt resources 

• It is also based on TMY, so not synched to the actual annual hourly insolation data 
used in E3’s simulated shapes

Month/Hour Average Output

Snow loss 
adjustment reduces 

winter (Nov-Mar) 
output
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Solar Incremental ELCCs
Simulated and Historical Shapes

 Solar ELCCs calculated for both historical 
and simulated shapes (with and without a 
snow loss adjustment)

 Given the small differences in ELCCs, E3 
recommends using the simulated PV 
without snow losses

• Historical shapes and simulated snow loss adjusted 
shapes are more likely to draw criticism as non-
representative of new projects

• Simulated shapes appropriately capture higher 
summer ELCCs due to tracking PV assumption, which 
also helps reduce snow cover losses

Annual ELCC Curve

Winter ELCC CurveSummer ELCC Curve
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Solar Incremental ELCCs
10 Historical Weather Years Sensitivity

 Compared to last 50 years, the last 10 
years show more frequent summer 
peaks than winter peaks

• Summer peaks drive higher annual 
capacity value for solar resources

Annual ELCC Curve

Winter ELCC CurveSummer ELCC Curve
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Average ELCC Provided by Different Resources, 2020

Nameplate Capacity 25MW 50MW 100MW 200MW 300MW 400MW 500MW

Solar PV Historical 2% 2% 1% 1%

50 Year Wth Snow Losses 4% 3% 3% 2%

Without Snow Losses 5% 4% 3% 2%

Solar PV Historical 14% 9% 5% 3%

10 Year Wth Snow Losses 15% 9% 5% 3%

Without Snow Losses 15% 10% 5% 3%

Average ELCC Provided by Different Resources, 2020

Nameplate Capacity Charging From 25MW 50MW 100MW 200MW 300MW 400MW 500MW

Solar PV Historical 67% 62% 51% 40%

50 Year Wth Snow Losses 66% 63% 54% 45%

Without Snow Losses 66% 63% 54% 45%

Solar PV Historical 75% 73% 61% 48%

10 Year Wth Snow Losses 73% 69% 62% 52%

Without Snow Losses 73% 69% 62% 52%

Average ELCC Provided by Different Resources, 2020

Nameplate Capacity Charging From 25MW 50MW 100MW 200MW 300MW 400MW 500MW

Solar PV Historical 2% 2% 1% 1%

50 Year Wth Snow Losses 5% 4% 3% 2%

Without Snow Losses 5% 4% 3% 2%

Solar PV Historical 0% 0% 0% 0%

10 Year Wth Snow Losses 1% 1% 0% 0%

Without Snow Losses 1% 1% 1% 0%

Solar Incremental ELCCs
10-yr vs 50-yr Sensitivity

Annual

Winter

Summer

More frequent 
summer peaks in 
the last 10 years 
leading to higher 

annual solar ELCCs
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Storage Incremental ELCCs
Stand-alone Storage

Annual ELCC Curve

Winter ELCC CurveSummer ELCC Curve

 Storage modeled at 3, 4, 6, 8, and 
10-hour durations

 Saturation effects seen after 
~100-200 MW of installed storage

• Higher durations minimize saturation 
effects
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Wind Hybrid Incremental ELCCs

Annual ELCC Curve

Winter ELCC CurveSummer ELCC Curve

 Grid charging wind hybrids modeled 
as wind + storage additions

• Subject to an ELCC cap based on the 
interconnection limit (i.e. the RE nameplate 
capacity)

 Storage effectively gets full capacity 
credit, with a slight bump from the 
wind
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Solar Hybrid Incremental ELCCs

Annual ELCC Curve

Winter ELCC CurveSummer ELCC Curve

 Grid charging solar hybrids modeled as 
solar + storage additions

• Subject to an ELCC cap based on the 
interconnection limit (i.e. the RE nameplate 
capacity)

• 100:25, 100:50 are AC coupled w/ 1.3 ILR, 
100:100 DC coupled w/ 1.7 ILR

 In summer, storage “tops off” solar ELCCs

 In winter, hybrid ELCC is driven by the
storage ELCC contributions
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Incorporation into NWE’s Capacity RFP

 Primary use: Determine incremental ELCC value for specific resource types

• E.g. 100 MW * 5% incremental ELCC value = 5 MW effective capacity

• % incremental values apply to the nameplate capacity shown (e.g. 200 MW wind @ 5% 
incremental ELCC = 200 * 5% = 10 MW effective capacity)

 Key Considerations:

• Storage is shown at the “rated” capacity and duration

– E.g. a 50 MW, 4-hour duration battery can output its Pmax of 50 MW for 4-hours, but must have >200 MWh 
of batteries to account for round-trip efficiency losses

• Operational restrictions on hybrid resources

– E3 considered different operational restrictions (RE vs. grid charging) but always capped ELCC at the 
interconnection limit (assumed to be the renewable nameplate MW)

– Project specific restrictions may further impact actual ELCCs

• Diversity impacts

– Diversity impacts are explicitly accounted for when modeling hybrid resources, but not stand-alone resource 
additions, e.g. a solar + storage hybrid includes a diversity benefit while using separate stand-alone solar + 
stand-alone storage ELCCs does not

– RECAP modeling of proposed portfolio of additions could capture diversity impacts

• ELCCs are measured for a system tuned to 0.1 LOLE

– Per standard industry practice, E3’s ELCCs are calculated using a system tuned to 0.1 LOLE

CCEBA - DiFelice Exhibit 2 
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RECAP evaluates the availability of energy supplies
to meet loads using an 8-step calculation process

Calculate Hourly 
Load

Calculate Renewable 
Profiles

Calculate Available 
Dispatchable Generation

Hydro Dispatch

Dispatch Storage

Dispatch Demand 
Response

Calculate Available 
Transmission

Calculate Loss of Load

Step 1

Step 3

Step 5

Step 7

Step 2

Step 4

Step 6

Step 8
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RECAP calculates a number of metrics that
are useful for resource planning

 Annual Loss of Load Probability (aLOLP) (%): is the probability of a shortfall (load
plus reserves exceed generation) in a given year

 Annual Loss of Load Expectation (LOLE) (days/yr): is total number of days in a
year with at least one event wherein load plus reserves exceeds generation

 Annual Expected Unserved Energy (EUE) (MWh/yr): is the expected unserved
load plus reserves in MWh per year

 Effective Load Carrying Capability (ELCC) (%): is the additional load met by an
incremental generator while maintaining the same level of system reliability
(used for dispatch-limited resources such as wind, solar, storage and demand
response)

 Planning Reserve Margin (PRM) (%): is the resource margin above 1-in-2-year
peak load, in %, that is required in order to maintain acceptable resource
adequacy
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RECAP Load Profile Development
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RECAP Inputs for Load

 Actual historical NWE BA hourly load from 2010 to 2018

• Neural network reads firm load from 2010 to 2017 for training and validation 
purposes

• 2018 load data are used for testing the performance and are not the inputs of the 
neural network model

 Weather and date information from 1950 to 2018 served as predictors

• Daily maximum and minimum temperatures for Butte, Fort Assiniboine, Great Falls

• Day of the week, month, and Canadian holiday dummy variables

20182010 - 2017

1950 - 2018

Simulation Set

Training and Validation Set Testing Set
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Calculating Loss of Load in RECAP

 Any residual load that cannot be served from all available resource is counted as 
lost load

 Loss of load expectation (LOLE) is the number of days with at least one loss of 
load event per year

0

1,000

2,000
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BTM Solar
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Hydro

Storage Discharge

Storage Charge
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Loss of Load

Available Dispatchable Resources
• Coal
• Gas
• Nuclear
• Geothermal
• Demand Response

Illustrative example
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Hybrid Resources: Key Variables

 Key variables for modeling hybrid resources in RECAP

Variable Options Recommended Scenario(s)

Renewable Technology Wind or solar Wind and Solar

VER to Storage Ratio Solar: typically ~3:1 to 1:1
Wind: typically ~10:1 to 4:1

Solar: 4:1, 2:1, 1:1*
Wind: 4:1, 2:1

Storage Duration Solar: typically 1-4 hours
Wind: typically 1-2 hours

Solar: 4 hours
Wind: 4 hours**

Shared Inverter Solar: AC or DC coupled AC and DC coupled 
scenarios

ITC Charging Limits Charge from VER or can charge 
from grid

Can charge from grid + RE 
charging sensitivity

Inverter Loading Ratio Solar: 1.3 to 1.7 1.7 for DC-coupled, 
1.3 for AC-coupled

* While a 1:1 ratio with a high ILR is becoming more common in solar saturated grids like Hawaii and the Southwest, it is less likely to 
be economic in higher latitudes like MT with more limited solar to charge batteries during many parts of the year.
** While most existing wind hybrids have lower duration, E3 recommends 4 hours, which will maximize RA value and is the duration for 
the MT Caithness Beaver Creek project (320 MW wind, 160 MW / 640 MWh storage). 
*** NOTE: charging from the grid does not necessarily revoke the ITC. If >75% of battery charging is from the solar facility, project is 
eligible for pull or partial ITC. If not grid charging constraints, stand-alone ELCCs can be used, subject to inverter limits if DC coupled 
solar.
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 Hybrid resources should have equal or lower ELCCs to stand alone 
resources for similar capacity + storage duration

 Charging constraints (e.g. requiring the storage to charge from
renewables for the solar ITC) likely to further reduce hybrid ELCCs

Hybrid vs. Stand-alone ELCCs

Stand-alone
VER + Storage

ELCC

Hybrid
VER + Storage

ELCC
(no RE charging 

constraints)

Hybrid
VER + Storage

ELCC
(w/ RE charging 

constraints)
> >

Interconnection and/or inverter limits 
(for DC-coupled projects) may further 

limit maximum project ELCCs
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Simulated Wind + Solar Sites

 Simulated wind and solar shapes utilize NREL datasets (Wind Toolkit + 
NSRDB) combined with E3 scripts to develop multi-year hourly 
simulated renewable output shapes

Simulated Wind Sites Simulated Solar Sites

Magpie SolarBozeman Solar

Great Divide Solar

Green Meadow Solar

Black Eagle Solar

River Bend Solar

South Mills Solar

New 1

New 2

New 3

New 4

Existing sites (approximate) New resource sites
New resource sitesExisting sites (approximate)
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US Inflation Reduction Act set to make
climate history

Solar will be a major beneficiary

Based on prior modelling of the build back better plan, the solar incentives will
result in a 67% increase in solar additions between 2022 and 2032 compared to
what would have happened without the IRA incentives. Most of that upside will be
experienced post-2027 as the industry will take time to scale. The act builds on
what was included in the Build Back Better Act, with big benefits for solar.

Subsidies should help to alleviate some of the strain on the
wind industry

The US onshore wind sector has experienced a significant installation slowdown
during the first half of 2022. Many developers have been waiting for policy
developments, while the sector has been plagued by rising equipment prices and
supply chain delays.

The IRA’s tax credit extension will help to alleviate some of the financial
uncertainty that has created a shadow for many developers. And while that will not
solve supply chain issues, the added certainty could increase incremental wind
capacity additions by 45 GW – or 43% – through to 2030 compared to if no PTC
extension had happened. That should help the industry to regain some of its
strength in the face of supply chain woes.

Learn more about the headwinds facing the global wind industry. Or tap into the
bigger picture and access our research on the complex US marketplace through our
North America Power & Renewables Service.

Energy storage: IRA unlocks a $160 billion market

The ten-year market outlook for energy storage will balloon to 135 GW – which
equates to over US$160 billion of investment through to 2031.

At the heart of the IRA is an extension of section 48 investment tax credits (ITC)
that now includes standalone storage as a qualified technology. Delinking batteries
from solar ITC dependency will allow for greater end-use application diversity.
Specifically, decongestion or optimization of existing transmission assets with
shorter duration systems sited closer to points of interconnection may be better
accessed without the spatial constraints brought about by large solar arrays. Siting
flexibility may also allow for better access to energy communities and low-income
communities where bonus tax incentives could further bolster project economics.

Find out more: Read our latest global energy storage outlook, or get our view of
the US energy storage market and the trends that shape it in our quarterly US
energy storage monitor.
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2. The Inflation Reduction Act delivers a boost
to emerging decarbonisation technologies,
including hydrogen and electric vehicles (EVs)

IRA incentives accelerate technologies that can scale now, and set the stage for
emerging technologies, from CCUS and biofuels, to low carbon hydrogen and EVs.
This will open up longer-dated decarbonisation opportunities.

A slew of new hydrogen projects ahead

The IRA reintroduces a production tax credit (PTC) for clean hydrogen. Known as
the 45V, the incentive rewards early movers.

One of the most important aspects of the IRA related to hydrogen is a time limit on
when projects must go forward to qualify for the higher levels of subsidy. Our
forecasts show that the capital costs of hydrogen production technologies should
reduce significantly in the next five to 10 years. However, the 45V tax credit
requires action to be taken in the next year. We therefore expect a slew of new
hydrogen project announcements before 2022 is out and the earlier beneficiaries of
the legislation will be those with the most advanced projects.

Want to know your green hydrogen from your blue, grey, black, brown, yellow,
turquoise, white and pink? Read our hydrogen rainbow decoder.

Domestic EV market could become more resilient

New rules under the IRA aim to de-risk battery supply for the US EV market.

Tax credits will be available to vehicles operating on batteries that were at least
partially manufactured in the US. In addition, vehicles with battery minerals that
have been sourced at least partially from countries that are included in a Free Trade
Agreement with the US will be eligible for the benefit.

Supply chain constraints could make it difficult to source battery raw materials in
line with these criteria in the near term. However, ultimately the enduring legacy of
the IRA in terms of clean vehicles will be increasing US manufacturing jobs and
making the US battery supply chain more secure. 

Find out more: Read our latest insight into the EV market. And access our
Energy Transition Service for detailed proprietary cost models for critical
technologies including hydrogen, CCS, geothermal and nuclear.

Subscribers to our research can access the complete analysis here.

Keep pace with the latest developments in the energy and
natural resources world

The Inside Track is a weekly roundup of the latest news and views from our global
experts. Fill in the form at the top of the page to sign up.
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Energy storage wins a long-sought victory
with Inflation Reduction Act

“There’s the potential to really stack benefits on the incentive side,” Heinrich said. 

Exactly how storage developers will be able to make use of those adders remains to
be seen. 

What is clear is that this policy will not be just for lithium-ion batteries, which have
been the near-exclusive choice for grid storage technology in recent years. The ITC
will be open to anything that stores energy, Hamilton noted, including older forms
like pumped hydro, and new and emerging technologies for cost-effectively storing
and discharging power over many hours. 

“You’ll get a lot more scale on some of those other long-duration technologies
because of this,” Hamilton said.

The ITC will also cover thermal storage, a well-established technology that reduces
energy needs for heating and cooling at crucial hours.

Prior to this legislation, renewable tax credits have followed a boom-and-bust cycle:
They spurred installations for a few years, then were supposed to sunset, at which
point the industry rallied its lobbying forces to win an extension for a few more
years. The IRA would establish decade-long tax credits for storage and the other
forms of clean energy — a kind of certainty the industry has never had from the
tax code.

“This bill sends the market signals: Energy storage is here to stay, and feel free to
invest, because these aren’t going away for 10 years,” Hamilton said.

Storage projects on the edge will become
profitable

The modern energy-storage industry became viable over the last decade as lithium-
ion battery costs came down and revenue-making opportunities started to appear.
But the battery price tag still deters grid battery construction outside a few
geographic enclaves. That’s where the storage ITC can help, by reducing the capital
cost of projects significantly.

That could get private developers off the fence in competitive markets. That’s where
the storage boom started — with privately developed projects delivering the
lightning-fast service known as frequency regulation in the mid-Atlantic PJM
market. But that market quickly got saturated. Since then, large-scale batteries have
tended to get built when they have utility contracts to guarantee some revenue.
A few pioneering firms have gone it alone, building merchant storage plants in
California and Texas, and developing them in New England. But they’re the
outliers.

Now that investment costs for a power plant are poised to suddenly drop 30
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percent, potentially up to 50 percent, that will make it much easier for a project to
pay itself off. Merchant markets are still risky, and few companies have a track
record of making money with merchant storage, but the ITC will shift the risk/
reward calculus in the right direction.

The other, much larger category of big batteries is utility-led. This includes projects
built and owned by utilities, and projects built by independent developers to fulfill
a utility contract. These projects have taken off in places where decarbonization
policy pushes developers toward battery storage for new firm capacity — California
and Hawaii, for instance. In other states, like Arizona and Colorado, utilities found
the combination of solar and storage beat out other options on price.

In places where storage already pencils out, the ITC will mean federal taxpayers are
buying down the cost of storage for local ratepayers. The project that was already
a good deal will become a better deal. In the many parts of the country where
utilities have yet to build battery storage at meaningful scale, the technology will
become that much more competitive against other options. 

“Because it’ll drive down cost and drive up scale, [the IRA] will make storage much
more part of how planning is done from the utilities and [independent system
operators],” Hamilton said.“It will open up states that did not have [storage] targets
but can really use the services storage provides.”

And buyers who have been waiting to seal the deal until the long-simmering tax
credits were finalized can finally move ahead.

“We’ve had utilities tell us, ‘We will not buy storage until the ITC passes,’” one
storage developer told Canary Media.

For those concerned about decarbonization, the thing to watch is whether a storage
ITC will mean that battery plants (charged from the grid, but benefiting from cheap
renewable production) can beat out gas-burning plants for the role of peak power
delivery. 

Gas power-plant technology is not getting radically cheaper. And the fuel itself has
gotten more expensive recently, with U.S. gas futures hitting their highest prices
since 2008 this summer. 

With the stand-alone storage tax credit, battery projects “are immediately put in
a much better position in terms of your delivered cost of electricity versus a gas
peaker,” Shreve said. 
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American Clean Power | Clean Power Quarterly Market Report Q2 2022

Clean Power Quarterly 

Lowest quarterly clean power installations since 2019

U.S. Annual and Cumulative Clean Energy Capacity Growth

3,188 MW installed in Q2, 9,795 MW YTD
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American Clean Power | Clean Power Quarterly Market Report Q2 2022

Clean Power Quarterly 

Clean power operating in all 50 states

Operational Clean Power Capacity by State

Texas & California lead in installed capacity
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Clean Power Quarterly 

Wind & solar installs lag compared to 2021

Clean Power Quarterly Capacity Growth Q2 Clean Power Installations Comparison, 2021 vs 2022

Battery storage the only technology experiencing YOY growth
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Clean Power Quarterly

32.4 GW of clean power capacity experiencing delays

Clean Power Project Capacity Delayed

Solar hardest hit, accounts for 64% of delays

Solar, 20,787 
MW, 64%Storage, 

4,188 MW, 
13%

Wind, 7,447 
MW, 23%

CCEBA- DiFelice Exhibit 6 
Docket No. E-100, Sub 179I/A



American Clean Power | Clean Power Quarterly Market Report Q2 2022

Clean Power Quarterly

Pipeline growth slows

Clean Power Capacity Entering the Pipeline Quarterly

Despite record pipeline capacity, new capacity entering the pipeline decreased by 7%
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Clean Power Quarterly

PPAs remain dominant offtake mechanism

Online Clean Energy Capacity Offtake Status, Q1-Q2 2022 Clean Energy Capacity Pipeline Offtake Status

44% of online capacity, 51% of pipeline capacity with a PPA in place
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Clean Power Quarterly

Corporate buyers account for 2/3rds of PPA announcements

Clean Energy Power Purchase Announcements by Year

8.5 GW of PPAs announced in the second quarter
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Clean Power Quarterly

Solar accounts for 78% of 2022 Installs

Annual Clean Power Purchase Agreements by Technology

71% of Q2 installs
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Clean Power Quarterly

PPA prices rise following supply chain challenges, rising costs, tax 
credit decline

Wind PPA Prices, Q2 2020 – Q2 2022

National average clean power PPA price up 29.7% YOY

Solar PPA Prices, Q2 2020 – Q2 2022

0

10

20

30

40

50

60

70

SPP CAISO ERCOT MISO PJM

$/
M

W
h 

Q2 2020 Q3 2020 Q4 2020 Q1 2021 Q2 2021
Q3 2021 Q4 2021 Q1 2022 Q2 2022

0

10

20

30

40

50

60

70

SPP CAISO ERCOT MISO PJM

$/
M

w
h

Q2 2020 Q3 2020 Q4 2020 Q1 2021 Q2 2021

Q3 2021 Q4 2021 Q1 2022 Q2 2022
Source: LevelTen Energy

CCEBA- DiFelice Exhibit 6 
Docket No. E-100, Sub 179I/A



CCEBA- DiFelice Exhibit 6 
Docket No. E-100, Sub 179I/A



American Clean Power | Clean Power Quarterly Market Report Q2 2022

Clean Power Quarterly

46 GW of offshore wind procurement targets

Offshore Wind State Targets

Rhode Island & California move to expand offshore wind targets
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Clean Power Quarterly

Wind installations down 78% from 2021
Iowa leads quarterly installs

Q2 2022 Land-Based Wind Installs by State
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Clean Power Quarterly

GE captures 45% of the market online and half in the pipeline

Wind Turbine Manufacturer Market Share of Wind Power Capacity installed in Q2 2022

Vestas ranks second in both pipeline and capacity installed in the quarter
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Clean Power Quarterly

4 and 5 MW turbines are most popular in the pipeline

Wind Turbine Manufacturer Market Share of Wind Power Capacity installed in Q2 2022

GE 2.28-127 model the most prevalent in development
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Clean Power Quarterly

1.5 GW of solar installed across the county
Quarterly solar installs down 53% YOY

Q2 2022 Solar Installs by State
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Clean Power Quarterly

Crystalline silicon panels dominate utility-scale solar space

Solar Model Type by Install Year Operating Solar Capacity Tracking Types

Single-axis tracker most common for operating projects
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Clean Power Quarterly

Groundbreaking battery storage installations in Q2

U.S. Annual and Cumulative Utility Battery Storage Capacity Growth
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Clean Power Quarterly

Texas leads battery storage installations for the quarter

Battery Storage Capacity Installations in Q2 2022, by State
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Clean Power Quarterly

Lithium-ion batteries account for 90% of operating capacity

Operating Battery Storage Capacity by Technology
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Clean Power Quarterly

Over 12.6 GW of operating hybrid capacity

Operational Hybrid Capacity Over Time
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Solar + storage accounts for 69% of operating capacity
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Clean Power Quarterly

California leads online and developing hybrid capacity

Cumulative Operating Hybrid Projects

3,813 MW operating in California; Texas ranks second with 3,127 MW operating
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Thank you.

Resources:
• 2Q2022 Quarterly report

• ACP state fact sheets

• CleanPowerIQ

• Contact the team
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https://cleanpower.org/resources/clean-power-quarterly-market-report-q2-2022/
https://cleanpower.org/resources/clean-power-quarterly-market-report-q2-2022/
https://cleanpower.org/facts/state-fact-sheets/
https://cleanpower.org/facts/state-fact-sheets/
https://cleanpoweriq.cleanpower.org/
https://cleanpoweriq.cleanpower.org/
mailto:jhensley@cleanpower.org;%20hcolwell@cleanpower.org;%20bcasey@cleanpower.org;%20kbartz@cleanpower.org
mailto:jhensley@cleanpower.org;%20hcolwell@cleanpower.org;%20bcasey@cleanpower.org;%20kbartz@cleanpower.org


2022 ACP 
Events

MARK YOUR CALENDAR

July 27 | Webinar
Standardizing the Prediction of Wind Turbine Sound 
Levels: A new ANSI/ACP Standard
August 15-19 | Nationwide
American Clean Power Week
September 7-9 | Las Vegas, NV
Resource & Technology Conference
October 18 - 19 | Providence, RI
Offshore WINDPOWER Conference 2022

Register or learn more at cleanpower.org/events
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